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1.0 Project Narrative 


1.1 Project Background and Contact Information 


Cleco Power, LLC’s primary goal of the Cleco Diamond Vault Project is to capture and 
sequester carbon dioxide (CO2) near Boyce, Rapides Parish, Louisiana. The project is planned as 
a multi injection well facility with six injection wells being proposed. Three well pads will each 
host two injection wells targeting different injection formations: the Wilcox 1 and the Wilcox 2. 
Each well will be drilled from a land-based location and have an S-shaped trajectory, returning 
vertically above the confining layer with injection zones under Lake Rodemacher. 


In compliance with Environmental Protection Agency (EPA) Underground Injection Control 
(UIC) Class VI regulations, each injection well will be permitted separately. 


This document (and associated sections) forms the Class VI application for injection well 
CLDR-IW3.  


An overview of the project site is presented in Figure 1-1 which shows the location of the six 
proposed injection wells relative to Lake Rodemacher and local infrastructure. The Area of 
Review (AoR) for the project is also shown. This AoR encompasses the combined pressure front 
at the end of injection from all injection wells. 


Figure 1-2 shows the eastern well pad with CLDV-IW3 (the subject injection well of this permit 
application), highlighted. 


The data used in the preparation of this permit application are based on extensive regionally 
available sources. It is anticipated that this information will be updated with data acquired from a 
stratigraphic test well (STW). The STW will be centrally located within the AoR and will be 
drilled to reduce uncertainty in the characterization of the geomechanical and hydrogeological 
subsurface at the project site. Extensive wireline logging, coring, fluid sampling, and formation 
hydrogeologic testing will be performed. These data will be incorporated into the static earth 
model and dynamic models (Permit Section 2) from which the AoR is derived. 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 11 of 83 


Figure 1-1: Cleco Diamond Vault Project showing proposed location of six injection wells, AoR and local 
infrastructure. 
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Figure 1-2: Map view of eastern well pad showing location of CLDV-IW3. 
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1.1.5 Injection Depth Waiver or Aquifer Exemption Requested 


No injection depth waiver or aquifer expansion is being sought as part of this permit application. 


1.1.6 Other Administrative Information 


Table 1-4 provides the administrative information for this Class VI injection well permit 
application as required by 40 CFR 144.31(e)(1 through 6).  


Table 1-4: General Class VI CO2 injection well permit application information. 


1.2 Site Characterization 


1.2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 
146.82(a)(3)(vi)] 


The Cleco Diamond Vault facility is located northwest of the town of Boyce in Rapides Parish, 
Louisiana. The facility sits within the Western Gulf Coastal Plain in central Louisiana on the 
northern flank of the Gulf Coast Basin and at the southern end of the Mississippi Embayment 
(Figure 1-3). This region has favorable geology for carbon storage in porous and permeable deep 
saline formations interstratified with low porosity and low permeability caprocks. In the Gulf of 
Mexico Basin and throughout the Gulf Coast, deposition of Jurassic to Holocene-age 
sedimentary rocks began due to the breakup of Pangea and associated crustal extension and 
expansion of the seafloor during the Mesozoic (Sawyer et al., 1991). Over 15,000 ft of sediments 
in the study area thicken and gently dip from north to south towards the Gulf of Mexico. The 
deep saline storage reservoirs and caprocks at and near the Cleco site are comprised of Cenozoic-
age sandstone and shale. 


Sensitive, Confidential, or Privileged Information
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The site is bordered by the Sabine Uplift, North Louisiana Salt Basin, and La Salle Arch to the 
north and the South Louisiana Salt Basin to the south (Figure 1-3). Other structural elements 
include salt domes in the salt basin regions north and south of the site and the Angelina Caldwell 
Flexure, which extends from central Texas into Louisiana (Dennen and Hackley, 2012). The 
study area is located on the stable shelf north of the Wilcox expanded fault zone, where growth 
faults are present due to the deposition of large volumes of sediment on an unstable shelf margin. 
No regional faults are mapped in the immediate Cleco site location. 


 


Figure 1-3: Map of northern Gulf Coast Basin structural features including basins, uplifts, and other 
structural features. The Cleco Diamond Vault site is denoted by the yellow star in central Louisiana. 


Abbreviations: K, Cretaceous; LK, Lower Cretaceous; LA, Louisiana. Modified from Warwick (2017). 


 


The region has favorable geology for carbon storage in the clastic rocks of the Paleocene- to 
Eocene-age Wilcox Group and the Carrizo Sandstone. The primary storage reservoir identified at 
the Cleco Diamond Vault facility is the Wilcox Group, which is a 3,500-foot-thick sequence of 
clastic rocks with dominate lithologies of sandstone and shale (Carlson and Van Biersel, 2009; 
Warwick, 2017). Storage capacity within the Wilcox Group is found within the pore space of 
coarse-grained, quartz-rich sediments (Dutton et al., 2015). Regionally, the Wilcox Group is 
often divided into two units, which are separated at the base of a regionally extensive shale in the 
upper zone, the Big Shale (Galloway, 1968; Tye, 1991). In this project, the upper Wilcox unit is 
referred to as the Wilcox 1, and the lower Wilcox unit is referred to as the Wilcox 2.  
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1.2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 


At the Cleco Diamond Vault site location and surrounding area, there is no evidence of 
subsurface faults or structural features that would impact the integrity of the confining zones. 
Thus, there is low containment risk for interference of injected CO2 with the shallower USDWs. 
The deepest USDW at the Cleco Diamond Vault facility is the Oligocene-age Catahoula 
Formation, which is found at an estimated depth of 660 ft in the CLDV-IW3 well. The top of the 
Cane River confining zone is 3,713 ft below surface, which is 2,627 ft below the base of the 
Catahoula Formation in the CLDV-IW3 well. The exact spatial relationship between the 
lowermost USDW and the injection and confining zones will be confirmed during the drilling of 
STW. Additionally, the Cook Mountain Formation, the Jackson Group, and the Vicksburg Group 
serve as secondary confining zones between the primary confining zone and the lowermost 
USDW. The depths of these secondary confining zones in the CLDV-IW3 well are labeled on 
the stratigraphic column in Figure 1-4.  


The formations found in the subsurface of the Cleco Diamond Vault facility are locally 
correlative and laterally extensive across the region. This was evaluated and confirmed through 
regional reports, cross sections and maps, and well and seismic data correlations throughout the 
immediate site location and surrounding area. Regional structure and thickness maps for these 
units and further detail about data types used can be found in Section 1.2.4 Major geologic units 
and their stratigraphic relationships are depicted in the regional cross section shown in Figure 1-
5, where the Cleco Diamond Vault site location is denoted with a yellow star.  
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Figure 1-5: Geologic cross section from west to east Louisiana featuring the structural configuration of 
subsurface strata that contains the target injection zone and caprock, as well as the deepest USDW. 


Modified from Whiteman and Martin, 1984. 


A map of the AoR, existing wells within the AoR, and proposed injection wells is shown above 
in Figure 1-1. The Cleco Diamond Vault facility has a total of 23 shallow groundwater 
monitoring wells on site. These wells are part of an established groundwater monitoring system 
around the various ash and metal ponds in the facility. These wells vary in depth from 50 to 300 
ft and are used to test for various parameters such as pH, conductivity, chloride, sulfate, arsenic, 
among others in shallow groundwater aquifers such as the Carnahan Bayou Aquifer. 
Additionally, an air monitoring program is in place at the Cleco Diamond Vault site.  


1.2.3 Faults and Fractures [40 CFR 146.82(a)(3)(ii)] 


Large faults and their associated fractures have predominantly been identified in the 
northwestern and southern areas of Louisiana (Stevenson and McCulloh, 2001) in the North 
Louisiana Fault Zone and the Wilcox Fault Zone, respectively. However, the stable shelf region 
of central Louisiana is not known to be a heavily faulted area, and no major faults have been 
identified near the site location in Rapides Parish (Figure 1-6). Additionally, regional evaluations 
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confirm the absence of salt domes in the site area, which are typically associated with faults and 
fractures. Therefore, no faults or fractures are expected to impact the integrity of the confining 
zone and the containment of injected CO2 at the site location. This was further evaluated with 
multiple two-dimensional (2D) seismic lines. Three 2D seismic lines were licensed to conduct a 
preliminary assessment of the presence or absence of large-scale faults near the Cleco facility. 
This assessment found no evidence of significant faulting in the study area. This will be 
evaluated in more detail and confirmed by collecting image logs and whole core samples from 
the STW. An example of one of the licensed 2D seismic lines (80-378-185) is shown in Figure 1-
7.  


 


 


Figure 1-6: Map of major faults in Louisiana. The Cleco Diamond Vault site is denoted by the yellow 
star. Modified from Stevenson and McCulloh (2001). 
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1.2.4 Injection and Confining Zone Details [40 CFR 146.82(a)(3)(iii)] 


Confining Zone: Cane River Shale 


The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Wilcox Group and Carrizo Sandstone and below the Sparta Sandstone. In the site location, the 
top of the Cane River is found at depths of -3063to -3550 ft true vertical depth sub-sea (TVDss), 
and the gross thickness ranges between 325 and 355 ft. Depth and thickness across the AoR were 
determined by picking formation tops from digital well log data proximal to the site. These were 
gridded using a convergent interpolation algorithm from Schlumberger's Petrel® and contoured 
in TVDss and all surface maps were quality control checked using the 2D seismic lines. Maps of 
the top structural surface and the thickness of the Cane River are presented in Figure 1-8. 


Injection Interval: Wilcox Sandstone 
For this project, the regionally extensive Wilcox Group was divided into an upper Wilcox 1 and 
lower Wilcox 2 based on the presence of a regional shale called the Big Shale (Galloway, 1968; 
Tye, 1991). In the AoR, the top of the Wilcox 2 injection zone is found at depths between 5,602 
and 7,733 ft below surface, and the gross thickness ranges between 2037 and 2257 ft. Maps of 
the top structural surface and the thickness of the Wilcox 2 are presented in Figure 1-9. At these 
depths, pressure and temperature conditions are high enough to sustain a supercritical phase of 
the injected CO2 at the site. The modest variation in thickness demonstrates no evidence of local 
formation pinch our or faulting that would affect CO2 storage. 


  


 


Figure 1-8: Structural map showing measured depth from the surface to the top of the Cane River (left) 
and Cane River formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 
200 ft and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed 


line indicates the Dynamic Reservoir Model boundary. The white outline indicates Cleco land boundaries. 
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Figure 1-9: Structural map showing measured depth from the surface to the top of the Wilcox 2 (left) and 
Wilcox 2 formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 200 ft 
and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed line 
indicates the Dynamic Reservoir Model boundary. The white outlines indicate Cleco land boundaries. 


Much of the subsurface data analyzed in this study are derived from regional wells with modern 
wireline log data, as well as historical log data from wells proximal to the site. Twenty-five wells 
from across the region were acquired that provided: 1) multiple log types of interest, 2) adequate 
spatial and depth coverage, 3) core analysis data, and 4) checkshot or velocity survey data. Eight 
wells were not used to inform model properties due to poor log data quality, although they were 
able to be used to develop structural surfaces. Of the remaining logs, 17 supplied regional and 
local measurements of in-situ physical rock properties, such as porosity, at depths that captured 
the entirety of the target reservoir and caprock formations. One well with routine core analysis 
data provided two data points in the Carrizo/nine data points in the Wilcox 1/three data points in 
the Wilcox 2. The wireline log and core data are consistent with observations pertaining to depth, 
thickness, lateral extent, and lithology from the three 2-D seismic lines shown in Figure 1-10 and 
discussed further in Section 1.2.3. These datasets enabled the project to interpret crucial 
subsurface information regarding the lithology and quality of the reservoir and caprock and 
calculate rock properties. 


Current interpretations of the injection and confining zones at the Cleco Diamond Vault site will 
be confirmed by routine and advanced datasets acquired from the stratigraphic test well as 
detailed in the Pre-operational Testing Plan. Site-specific geologic core and special core analysis 
will confirm porosity and permeability, mineralogy, capillary pressure, and relative permeability 
as specified by EPA (2012) [40 CFR 146.82(a)(3)(iii)]. Additionally, geomechanical data in the 
storage zone will confirm the maximum injection pressure, rock strength, and in-situ fluid 
pressure as specified by EPA (2012) [40 CFR 146.82(a)(3)(iv)]. 
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Figure 1-10: Map of the wells selected for log data analysis and location of purchased 2D seismic lines. 
The well highlighted in red was used to create a well-tie to tie the seismic time data to depth for 


integration into the model. 


Sediments of the upper Cane River consist of brown clay, and the lower Cane River is composed 
of glauconite and glauconitic marl. At the basal contact of the Cane River and Carrizo, brown 
quartzose sand with minor glauconite is present. Minor constituents include carbonaceous 
minerals in the upper Cane River and fine quartz sand grains (Choung, 1975). An in-depth 
mineralogical assessment of the Cane River is necessary to evaluate the potential effects of 
injected CO2 on its competence as caprock. Data and rock samples collected from the 
stratigraphic test well will be used to confirm that the mineral composition of the Cane River is 
conducive to confining CO2.  


The Wilcox Group is a heterogeneous formation composed of very fine- to coarse-grained 
sandstone with frequent shale interbeds (Dutton et al., 2015).  The sandstones that compose the 
Wilcox Group are abundant in feldspars and lithics and are predominately characterized as 
felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). Figure 1-11 displays a ternary 
diagram of the composition of Wilcox Group samples collected from Louisiana and Texas. 
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Quartz is the most common mineral found in the rocks of the Wilcox Group, with calcite and 
ankerite being the next most prevalent, and numerous other minerals identified in minor volumes 
(Loucks and Dutton, 2019). Cementation (primarily quartz cementation) makes up 10 to 35% of 
the rock volume of the Wilcox Group. As with the Carrizo Sandstone, the prevalence of quartz 
cement in the Wilcox Group has positive implication for CO2 injection, as quartz cemented rocks 
are naturally resistant to the potentially corrosive effects of long-term exposure to injected CO2. 
Table 1-5 summarizes the mineralogical make-up of the Wilcox Group. 


 


 


Figure 1-11: Ternary diagram displaying the compositional make up of rock samples collected from the 
Wilcox Group in Texas and Louisiana (Loucks and Dutton, 2019).  
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Wilcox Group Mineralogy 


Major 
Minerals 


Quartz 
Calcite 
Ankerite 


Minor 
Minerals 


Albite 
Chlorite 
Dolomite 
Glauconite 
Illite 
Illite-Smectite mix 
Kaolinite 
Leucoxene 
Pyrite 
Siderite 
Sphene 


Table 1-5: Mineralogical composition of rock samples collected from the Wilcox Group in Texas and 
Louisiana (Loucks and Dutton, 2019). 


 


Based on the Department of Energy (DOE)-National Energy Technology Laboratory (NETL) 
methods for static volumetric calculations (Levine et. al, 2016), the estimated storage capacity 
for the Wilcox 2 within the AoR is approximately 10.3 MMt of CO2 per mi2. Inputs for 
thickness and porosity were determined by calculating the average net thickness and effective 
porosity values across the AoR for the Wilcox 2 (1265 ft and 11%, respectively). Then, the input 
for the density of CO2 was calculated using the same temperature and pressure gradients as the 
reservoir model, which were applied to the midpoint depth for the Wilcox 2 in the center of the 
AoR (approximately 6400 ft below ground surface). The initial water saturation from relative 
permeability was used, and storage efficiency factors were applied. The same workflow applied 
to the Wilcox 1 results in a storage capacity estimation of approximately 5.5 MMt of CO2 per 
mi2. The Cane River has a low average porosity and permeability of 3.48% and 0.012 mD, 
respectively. The tight, impermeable nature and the lack of faults and fractures in this formation 
indicate that it will serve as an adequate confining zone.  


1.2.5 Geomechanical and Petrophysical Information [40 CFR 146.82(a)(3)(iv)] 


Petrophysical analysis was conducted to integrate available log data in the study area, generate 
the porosity log curves used to populate the static earth model (SEM), and determine the storage 
reservoir properties. The logs compiled as part of the data collection effort, detailed in Section 
1.2.4, were first edited, and normalized as part of the quality control procedure to eliminate 
erroneous data points, correct for varying signal intensities, and establish consistent readings 
between wells. A lithologic log representing the fraction of clay with depth, Vclay, was 
generated and integrated with core data and routine porosity logs to calculate refined porosity 
curves, and subsequently, permeability curves. The permeability log was further refined by rock 
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type after modeling hydraulic facies, or zones of rock that have comparable properties 
controlling fluid flow.  


Additional geomechanical and petrophysical properties will be evaluated and confirmed through 
well tests, wireline logs, and laboratory analyses of core samples from the STW. Geomechanical 
properties of the target and confining zone will be confirmed from minifrac test analysis and 
dipole sonic logs. The geomechanical integrity of the confining zone is confirmed if its fracture 
pressure exceeds the target zone’s. Data will be collected in the STW using wireline logging 
tools such as the dipole sonic to determine elastic rock properties such as Young’s modulus, 
stresses and Poisson’s ratio which will be used as an accuracy check for the minifrac data in case 
of any operational issues during testing.  


1.2.6 Seismic History [40 CFR 146.82(a)(3)(v)] 


The seismic history for the area was characterized using publicly available data from the United 
States Geological Survey (USGS) and the Louisiana Geological Survey (LGS). Louisiana is 
largely a seismically inactive state in which earthquakes have historically occurred with low 
frequency and magnitude. Extensive faulting is present in the northwestern and southern areas of 
Louisiana. However, these faults are primarily growth faults associated with sediment loading 
and are not seismically active. No recorded earthquakes in Louisiana have been definitively 
attributed to any of the mapped fault systems in the state (Stevenson and McCulloh, 2001). Eight 
earthquakes have been recorded in Louisiana in the last 100 years (1923–2023); only two were 
greater than 3.5 M, and none occurred within 80 miles of the project site (Figure 1-12). Of these 
earthquakes, all have occurred at depths of 5 km or greater, apart from one that occurred at a 
shallower depth of 0.4 km. Additionally, one occurred in 1930 in which the depth is unknown 
(USGS, 2023). 


The absence of recorded earthquakes near the Cleco Diamond Vault project site is consistent 
with the regional seismic hazard map published by the USGS (2014), which designates central 
Louisiana as a low-risk area for seismic activity. There is a 2% probability that the level of 
horizontal shaking, or peak ground acceleration (PGA), due to seismic activity will exceed 4 to   
8% of the acceleration due to gravity within 50 years (Figure 1-13). 
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Figure 1-12: Earthquakes in Louisiana greater than or equal to 2.5 magnitude since 1900 (modified from 
USGS, 2023). 
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Figure 1-13: 2014 regional seismic hazard map for Louisiana (USGS, 2014). 


 


1.2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 


To further understand the subsurface underlying the Cleco Diamond Vault site, an assessment of 
the local hydraulic and hydrogeologic conditions was completed. This included a review of the 
hydrostratigraphy, groundwater flow direction, and salinity of shallow and deep aquifers in 
Rapides Parish, Louisiana. This assessment benefited from the work of Griffith (2009), which 
reviewed the hydrogeology, including water quality, of Rapides Parish. This work used a cutoff of 
250 mg/L chloride concentration to determine the freshwater-saltwater interface (as opposed to 
10,000 mg/L total dissolved solids [TDS] cutoff for the lowest USDW interface), as shown in the 
subsequent maps. 


Table 1-6 and Figure1-14 display the shallow subsurface hydrostratigraphy of Rapides Parish, 
Louisiana. Regionally, there are seven aquifers containing freshwater (USDWs) in Rapides 
Parish, as well as three confining units that separate them into four groups (Griffith, 2009). Each 
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of these aquifers occur in rocks composed of clastic sediments of varying sizes (clay, silt, sand, 
gravel) with the sand/sandstone beds of the formations being most amenable to freshwater 
production. The confining layers separating the aquifer systems are composed primarily of clay 
and silt, rendering them impermeable (Griffith, 2009).  


The spatial distribution of these seven aquifers varies throughout the Parish. Locally, there are 
five aquifers present in the subsurface beneath the Cleco project site: the Red River Alluvial, the 
Chicot Aquifer System, the Upland Terrace Aquifer, the Carnahan Bayou Aquifer, and the 
Catahoula Aquifer (Figures 1-15, 1-16, and 1-17). The Red River Alluvial aquifer is a 
predominately freshwater aquifer that extends roughly through the middle of Rapides Parish in a 
northwest to southeast direction. Its depth varies across Rapides Parish, ranging in elevation 
from 0 to 80 ft above the National Geodetic Vertical Datum of 1929 (NGVD), and it is at or near 
its shallowest points near the Cleco Diamond Vault site. Groundwater movement in the Red 
River Alluvial aquifer varies locally, however in general the waters that comprise the aquifer 
generally flow in an eastward direction. The Chicot and Upland Terrace aquifers merge in 
southwestern Rapides Parish and are treated as one large freshwater aquifer. Groundwater flow 
in the Chicot and Upland Terrace Aquifers is complex and flows in multiple directions 
throughout the Parish, generally in the direction of a nearby surface water stream. Considerable 
variation exists in altitude of the Chicot and Upland Terrance aquifers, as it varies in elevation 
from 80 ft above to 40 ft below NGVD and is about 40 ft above NGVD near the Cleco Diamond 
Vault site. The Carnahan Bayou Aquifer is the most extensive of the six regional aquifers, 
encompassing all of Rapides Parish. Water quality varies considerably in the Carnahan Bayou 
Aquifer, with most of the aquifer being comprised of saltwater or mixed saltwater and 
freshwater. Despite this, a significant portion of the Carnahan Bayou aquifer contains freshwater, 
notably in northern Rapides Parish. The surface of the Carnahan Bayou aquifer ranges in 
elevation from roughly 100 ft above NGVD to 200 ft below NGVD and is locally approximately 
0 ft above NGVD near the Cleco site. Groundwater flow in the Carnahan Bayou aquifer is 
related to groundwater withdrawal and usage and trends towards the cities of Alexandria and 
Pineville and the Kisatchie well field.  
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Figure 1-14: Hydrogeologic stratigraphic cross section of Rapides Parish, LA  
(modified from Griffith, 2009) 
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Figure 1-15: Map displaying the spatial extent and general direction of groundwater flow of the Red River Alluvial Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-16:  Map displaying the spatial extent and general direction of groundwater flow of the Chicot Aquifer in Rapides, Parish LA (modified 
from Griffith, 2009). 
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Figure 1-17:  Map displaying the spatial extent and general direction of groundwater flow of the Carnahan Bayou Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-18: Total dissolved solids (salinity) concentration map for the Carrizo Sandstone and Wilcox Group in Louisiana (modified from 


Pettijohn et. al, 1988). Colors indicate TDS concentrations. The Cleco study area, highlighted by the yellow star, has TDS concentrations of 
approximately 70,000 mg/L for the Carrizo and Wilcox. 
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In addition to reviewing shallow subsurface freshwater aquifers in Rapides Parish, it was also 
necessary to review the salinity levels of the potential saline reservoir injection targets. Saline 
reservoirs in Louisiana were researched by Pettijohn et al. (1988) in their work focusing on the 
aquifers and hydrogeology of the Tertiary System in the Gulf of Mexico Coastal Plain. This 
work included the creation of a map detailing the salinity of the reservoirs within the Wilcox and 
Claiborne Groups. This map indicates the salinity of these units becomes increasingly saline 
towards the southern portions of Louisiana, as well as with increasing depth, with the Carrizo 
and Wilcox mapped as having TDS values of approximately 70,000 parts per million (ppm) 
(Figure 1-18). Additional to this map, salinity calculations were derived from well logs in the 
immediate vicinity of the Cleco property to confirm TDS values found in literature (Figure 1-
19). These maps, along with well log calculated salinity, support that water in the target storage 
formations is sufficiently saline in the study area to permit CO2 storage projects. 


Local log data shows a range of salinities, which is likely due to the vintage of the resistivity logs 
(Figure 1-19) and thus likely a measurement error. However, all wells show salinities 
significantly greater than 10,000 ppm for each injection zone, which is the regulatory lower 
limit. Calculated salinity values are consistent with regional literature (Carlson and Van Biersel, 
2009; Pettijohn et al, 1988). These apparent water resistivity (Rwa)-derived salinity values 
should be considered a minimum salinity. Local mapping of greater than 70,000 ppm is highly 
likely for each zone. 
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The analysis of onsite geochemical properties in the subsurface reservoirs above and within the 
injection zones will confirm the intervals identified for CO2 storage meet the criteria outlined for 
Class VI permit approval. 


1.2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 


No surface air and/or soil gas data were collected at the Cleco site location.  


1.2.10 Site Suitability [40 CFR 146.83] 


An extensive set of subsurface data have been analyzed at the Cleco Diamond Vault site to 
support the evaluation of site suitability. The integration of well logs, 2D seismic, and regional 
maps and cross sections confirm the lateral extent of the target reservoir and confining zone, as 
well as the absence of faulting and structural features at the site location and surrounding area 
that would impact the integrity of the confining zone. Therefore, the containment risk is low, and 
no secondary confinement zone is necessary for USDW protection. Additional well and rock 
data collected from a site characterization well will provide further geomechanical data to 
support the integrity of the confining zone.  


The Cleco Diamond Vault site location is also suitable for CO2 sequestration due to its favorable 
target reservoir lithologies. The Wilcox 1 and 2 are composed of sandstones with interbedded 
shales.  The sandstones have a predominantly felspathic and lithic mineralogy and are 
categorized as felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). The most 
common mineral in the sandstones of the Wilcox 1 and 2 is quartz followed by calcite and 
ankerite, as well as numerous accessory minerals present in minor volumes (Loucks and Dutton, 
2019). Additionally, quartz cementation makes up 10 to 35% of the rock volume of the Wilcox 1 
and 2. The prevalence of quartz cement has positive implications for CO2 injection because 
quartz-cemented rocks are naturally resistant to the potentially corrosive effects of long-term 
exposure to injected CO2. Furthermore, although neither the CO2 stream nor formation waters 
are expected to be highly corrosive, the injection well materials that come in contact with the 
CO2 stream and/or reservoir brines will be constructed of corrosion-resistant materials, such as 
13CR steel, or similar. For example, the casing string across the Wilcox 1 and 2, the packer, and 
deep portion of the tubing with be constructed with corrosion-resistant materials.   


 
 


 
 


 
 


The target reservoirs for injection (Wilcox 1 and 2) are fluvial deltaic in origin. Their resulting 
geometries are influenced by the orientation of the main sediment source during deposition, 
which ultimately influences the direction of plume migration for the injected CO2. The main 
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determine an AoR for CO2 injection at the Cleco Diamond Vault project site. The SEM is a 
three-dimensional (3D) geocellular model that represents the porosity and permeability of 
different stratigraphic formations, most notably, the intended CO2 storage formation and 
overlying confining layer. This type of model was selected as it offers the best options for 
quantifying, representing, and visualizing the subsurface geologic interpretations for the site. The 
purpose of this model is to represent available pore volume and enable the estimation of CO2 
storage capacity. Primarily, this geologic model serves as the framework (in terms of delineating 
zones, surfaces, permeability, and porosity) for computational modeling of CO2 injection.  


The computational modeling to simulate CO2 injection into the saline aquifer was performed 
using a 3D multiphase flow simulator CMG-GEM 2016 version (CMG-GEM, 2016). In addition 
to the geological framework imported from the SEM, additional parameters, such as relative 
permeability data, initial conditions, phase behavior model, and well and perforation parameters, 
were added to the computational model to complete the dynamic modeling. CMG-GEM is an 
equation-of-state based compositional simulator that models the phase behavior of brine and CO2 
plumes during the injection and post-injection phases of a project. Multiple phases were 
accounted for in the computational model including aqueous, gas, and supercritical phases.  


Modeling multiphase flow processes in porous media, with all components as described above, 
enables: 


• Estimation of pressure buildup in the storage formation – confining layer system  


• CO2 phase behavior at storage reservoir condition  


• CO2 saturation to determine plume extent in the storage formation (Wilcox 2 Sandstone)  


• Ensure confining layer sealing capabilities  


The estimated CO2 saturation map and pressure buildup from modeling multiphase flow 
processes will predict CO2 movement during the injection and post injection periods and 
delineate the AoR. 
  


1.4 Permit Section 3.0: Financial Responsibility  


The Financial Responsibility Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(14) and 146.85.  


1.5 Permit Section 4.0: Injection Well Construction  


1.5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 


No completion stimulation is planned at this time because the reservoir quality is expected to be 
adequate for the planned injection volumes. 
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1.5.2 Construction Procedures [40 CFR 146.2(a)(12)] 


A newly drilled injection well (CLDV-IW3) will be constructed at the Cleco Diamond Vault 
facility near Boyce, Louisiana, to meet the requirements of 40 CFR 146.86.  


1.5.3  Casing and Cementing 


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor, surface, and 
intermediate casing sections will all be carbon steel. The deep casing string will be constructed 
with corrosion-resistant chrome (13CR) across the reservoir and caprock to total depth (TD) and 
carbon steel from above the caprock to surface. This section of the wellbore is expected to have 
intermittent exposure to CO2-formation water mixed fluids especially in the initial phases of 
injection and intermittently when well workovers are performed throughout the life of the 
project. Although the expected water content of the injectate stream will be less than 50 ppm, the 
injection tubing string and flow-wetted injection tree components will be composed of corrosion-
resistant materials.  


Table 1-7 summarizes the casing program for the injection well and Table 1-8 summarizes the 
cement program. All casing strings will be cemented to surface and any changes to the final well 
design will be discussed with the UIC Director or representative.   


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW. 


Table 1-7: Casing details. 
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Table 1-8: Cement program for the CO2 injection well. 


After the well has been completed, a cement bond log – variable density log (CBL-VDL) and 
advanced ultrasonic cement evaluation log will be run of the entire depth of the long casing 
string shortly after completion of the injection well to confirm that the casing string was properly 
cemented. A baseline temperature measurement will also be acquired from surface to TD to 
provide initial temperature conditions over the well.  


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 pounds per gallon (ppg).  Final choice of 
the type of fluid will depend on availability and wellbore conditions. 


1.6 Permit Section 5.0: Pre-Operational Logging and Testing  


The Pre-Operational Logging and Testing Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(8) and 40 CFR 146.87. 


This plan describes the pre-operational formation testing program implemented to characterize 
the chemical and physical features of the injection zone and confining zone at the Cleco 
Diamond Vault Project. The data set from STW will form the base of the pre-operational data 
set. A thorough logging and testing plan will be completed including wireline logging, side wall 
cores and whole core, fluid sampling and injection testing.   


1.7 Permit Section 6.0: Well Operations 


1.7.1 Operational Procedures [40 CFR 146.82(a)(10)] 


This section describes the source of the CO2 that will be delivered to the storage site, its chemical 
and physical properties, flow rate, and the anticipated pressure and temperature of the CO2 at the 
pipeline outlet. In addition, this section provides the monitoring that will be performed on the 
injection well to confirm that it does not provide a conduit from the storage formation to above 
confining zone water sources, USDW sources, or the surface. 
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baseline dataset. Once the injection phase commences, samples of the CO2 injection stream will 
be collected from the CO2 delivery pipeline for analysis every three months.  


1.8 Permit Section 7.0: Testing and Monitoring 


The Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.82(a)(15) and 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with CO2 injection into the subsurface. Goals of the 
monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting USDWs 
• Ensuring that the injection well is operating as planned 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support AoR re-evaluations over the course of the project 


The Testing and Monitoring Plan will be adaptive over time in that the plan can be adjusted to 
respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 1-1 illustrates the modeled AoR over the 12-year injection period.  


The Testing and Monitoring Plan will outline several direct and indirect technologies used 
throughout the injection and PISC phases of the project that will monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest and the deepest water-


bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan (Permit Section 6.0). Table 1-11 summarizes 
the proposed testing and monitoring plan for the project.  
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)).  


Pressure fall-off tests (PFOs) will be conducted in the injection formation in the injection well 
when they are drilled to establish the hydrogeologic characteristics of the storage formation (Pre-
Operational Testing Plan, Permit Section 5). During the injection phase of the project, a PFO will 
be conducted in the injection well at least once every five years.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). The shallow 
groundwater monitoring program will consist of a network of wells within the AoR. 
Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
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pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation. A robust deterministic seismic forward modeling project will be undertaken to 
demonstrate that this technique can successfully detect subsurface changes associated with CO2 
injection at this site (Section 7.8.5). 


Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 
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1.9 Permit Section 8.0: Injection Well Plugging 


The Injection Well Plugging Plan describes how Cleco Power, LLC will plug the injection well 
pursuant to 40 CFR 146.82(a)(16) and 146.92.  


A Notice of Intent to plug the well will be submitted to the EPA at least 60 days prior to the 
plugging operations (40 CFR 146.92 (c)). After the project has verified that there are no external 
well integrity issues, the well will be flushed with buffer fluid to remove any fluids or 
particulates that may be present in the well. The injection well casing will be plugged with 
cement to ensure that it does not provide a conduit outside the injection zone. Table 1-11 shows 
the intervals that will be plugged as well as the materials and methods that will be used to plug 
the intervals.  


Table 1-11: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
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1.10 Permit Section 9.0: Post-Injection Site Care (PISC) and Site Closure 


The PISC and Site Closure Plan describes the activities that Cleco Power, LLC will perform to 
meet the requirements of 40 CFR 146.82(a)(18) and 146.93(c). 


Cleco Power, LLC will monitor groundwater quality and track the position of the CO2 plume and 
pressure front for 10 years after the cessation of injection, which is the anticipated timeline for 
CO2 plume and pressure front stabilization.  


Based on the modeling of the pressure front as part of the AoR delineation, pressure at the 
injection well is expected to decrease to pre-injection levels in less than 10 years. Additional 
information on the projected post-injection pressure declines and differentials is presented in the 
permit application and the AoR and Corrective Action Plan (Permit Section 2.0). 


1.11 Permit Section 10.0: Emergency and Remedial Response  


The Emergency and Remedial Response Plan (ERRP) is submitted to meet the requirements of 
Plan 40 CFR 146.82(a)(19) and 146.94(a). 


The ERRP provides actions that Cleco Power, LLC will take in the event of an emergency and to 
address movement of CO2 or formation fluid that may endanger an USDW during the 
construction, operation, or PISC periods. 


If evidence indicates that the injected CO2 stream, formation fluids, and/or associated pressure 
front may cause an endangerment to a USDW, the following actions must be performed: 


1. Initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release or migration. 
3. Notify the permitting agency/UIC of the emergency event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 
Cleco Power, LLC will immediately cease injection. However, in some circumstances, Cleco 
Power, LLC will, in consultation with the UIC Director, determine if a gradual cessation of 
injection is appropriate. If a non-emergency shutdown of the CO2 injection system is required, 
the operator will complete the shutdown in a stepwise approach to prevent over-pressure 
situations and/or damage to the equipment.  Efforts will also be made to maintain the CO2 in the 
injection stream in a supercritical phase to prevent special operations during the restart of the 
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system.  Also, override of certain relays may be required to properly and safely shutdown the 
system. 


1.12 Injection Depth Waiver and Aquifer Exemption Expansion 


Cleco Power, LLC is not applying for a depth waiver or an aquifer exemption. 


1.13 Other Information – Environmental Justice Baseline Analysis 


Cleco Power, LLC have completed an Environmental Justice Baseline Analysis for the Cleco 
Diamond Vault Project. The report is included in Appendix A. 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are included in Appendix B. 
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Appendix A – Environmental Justice Baseline Analysis 
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Appendix B – The “IT Decision” – Response to Five Questions 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are as follows: 


1. Have the potential and real adverse environmental effects of the proposed facility been 
avoided to the maximum extent possible? 


2. Does a cost benefit analysis of the environmental impact costs balanced against the social 
and economic benefits of the proposed facility demonstrate that the latter outweighs the 
former? 


3. Are there alternative projects which would offer more protection to the environment than 
the proposed facility without unduly curtailing non-environmental benefits? 


4. Are there alternative sites which would offer more protection than the proposed facility 
site without unduly curtailing non-environmental benefits? 


5. Are there mitigating measures which would offer more protection to the environment 
than the facility as proposed, without unduly curtailing non-environmental benefits? 


These questions and requirements will be resolved in detail. Thoughtful answers to these 
questions are being developed in conjunction with an air permit by Cleco’s environmental 
consultant. Upon completion, this information will be added to future revisions of this permit.   
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Class VI UIC Project Information Tracking 


This submission is for: 


      Project ID:    R06-LA-0022  


      Project Name:    Diamond Vault  


      Current Project Phase:    Pre-Injection Prior to Construction  


 


General Information 


      Number of proposed Class VI wells: 6 


      Brief description of the project: Cleco Power, LLCs primary goal of the Cleco Diamond Vault Project is to capture and sequester carbon dioxide (CO2) near Boyce, Rapides


Parish, Louisiana. The project is planned as a multi injection well facility with six injection wells being proposed. 


      National Pollutant Discharge Elimination System (NPDES) under Clean Water Act (CWA) 


             Description: LPDES permit LA0008036 is in place for the facility. 


      Prevention of Significant Deterioration (PSD) Program under Clean Air Act (CAA) 


             Description: PSD permit PSD-LA-711(M-3) is in place for the facility. 


Optional Additional Project Information 


 


Facility and Owner/ Operator Information 


      Facility name: Diamond Vault 


      Facility mailing address: 275 Rodemacher Road, Lena, LA 71447 


      Facility location:    Latitude: 31.397856   Longitude: 92.718847 


      Up to four Standard Industrial Classification (SIC) codes for the products/services provided by the facility: 4911 


      Facility located on Indian lands: No 


Facility contact information 


      Contact person: Robert Breedlove 


      Contact's business phone number: 318 - 484 - 7679 


      Contact's business email: robert.breedlove@cleco.com 


      Operator's name: Cleco Power LLC 


      Operator's business address: 2030 Donahue Ferry Road, Pineville, LA 71360 


      Operator's business phone number: 800 - 622 - 6537 


      Operator's status: Private 


Ownership status: Owner 


 


Initial Permit Application 


      Permit Application Narrative: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-


1353/1.--CLDV-IW6--Project--Narrative_Redacted.pdf 


      https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW5--Project--


Narrative_Redacted.pdf 


      https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW2--Project--


Narrative_Redacted.pdf 


      https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW1--Project--


Narrative_Redacted.pdf 


      https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW4--Project--


Narrative_Redacted.pdf 


      https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW3--Project--


Narrative_Redacted.pdf 


             Proposed project plans, submitted with the Project Plan Submission module: 


                    An Area of Review (AoR) and Corrective Action Plan 


                    A Testing and Monitoring Plan 


                    A Well Plugging Plan 


                    A Post-Injection Site Care (PISC) and Site Closure Plan 


                    An Emergency and Remedial Response Plan 


      Computational modeling information, submitted with the Area of Review Computational Modeling module 



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW6--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW6--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW5--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW5--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW2--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW2--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW1--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW1--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW4--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW4--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW3--Project--Narrative_Redacted.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/1.--CLDV-IW3--Project--Narrative_Redacted.pdf





      A financial responsibility demonstration, submitted with the Financial Responsibility Demonstration module 


      A proposed pre-operational logging and testing program, submitted with the Pre-Operational Testing module 


      An optional alternative PISC timeframe demonstration, submitted with the Alternative PISC Timeframe Demonstration module 


      Other Required Information: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-


1353/4.--Injection--Well--Construction.zip 


      https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/6.--Well--Operation--


Plan.zip 


 


Updated Information 


 


Complete Submission 


Authorized submission made by: Robert Breedlove 


For confirmation a read-only copy of your submission will be emailed to:    Robert.Breedlove@Cleco.com 



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0022/Phase1-PreConstruction/ProjInfo-05-19-2023-1353/4.--Injection--Well--Construction.zip
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List of Abbreviations 
 


 
Abbreviation 


 
Description 
 


° Degree 
µm Micrometer 
13CR Corrosion-resistant chrome 
2D Two-dimensional 
3D Three-dimensional 
ACZ Above confining zone 
AoR Area of Review   
ASTM American Society for Testing and Materials 
Bbl Barrel 
BOP Blowout preventor 
BOPE Blow out prevention equipment 
C Celsius 
CBL-VDL Cement bond log – variable density log 
CCS Carbon capture and storage 
CFR Code of Federal Regulations 
CO2 Carbon dioxide 
DAS Distributed Acoustic Sensing 
DOE Department of Energy 
DOT Department of Transportation 
DRM  
DTS Distributed Temperature Sensing 
EOD Environment of deposition 
EPA Environmental Protection Agency 
ERRP Emergency and Remedial Response Plan 
F Fahrenheit  
FEMA AE Federal Emergency Management Agency Adverse Effects 
FMEA Failure, Mode, Effect, Analysis 
ft Feet 
FO Fiber optic 
gal Gallon 
GC Gas chromatograph 
H2S Hydrogen sulfide 
ID Identification 
KCl Potassium chloride 
L Liter 
lb Pound 
LCM Lost circulation material 
LDNR Louisiana Department of Natural Resources 
LGS Louisiana Geological Survey 
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m Meter 
MD Measured depth 
mD Millidarcy 
mg Milligram 
MI Move-in 
mi Mile 
MIT Mechanical integrity test 
mL Milliliter 
MMSCF  Million standard cubic feet 
ms Millisecond 
MMt Million tonnes   
MVA Monitoring, Verification, and Accounting 
NACE National Association of Corrosion Engineers 
NaCl Sodium chloride 
NELAP National Environmental Laboratory Accreditation Program 
NGVD National Geodetic Vertical Datum of 1929 
NPT National pipe thread 
ORP Oxidation-reduction potential 
P&A Plug and abandonment 
PFO Pressure fall-off 
PGA Peak ground acceleration 
PISC Post-injection site closure 
PM Project Manager 
PNC Pulsed neutron capture 
POZ Pozzolan 
ppg Pounds per gallon 
ppm Parts per million 
psi Pounds per square inch 
psig Pounds per square inch gauge 
QA Quality assurance 
QC Quality control 
QASP Quality Assurance and Surveillance Plan 
QR Quality Representative 
RPD Relative percent difference 
RPN Risk Priority Number 
RU Rig up 
SCADA Supervisory Control and Data Acquisition 
SEM Static Earth Model 
SF Safety factor 
SME Subject matter expert 
SOP Standard operating procedures 
SP Spontaneous potential 
SPCC Spill Prevention, Control, and Countermeasure 
SPF Shots per foot 
STW Stratigraphic Test Well 
TD Total depth 
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TDS Total dissolved solids 
TVDss true vertical depth sub-sea 
UIC Underground Injection Control 
USDW Underground source of drinking water 
USGS United States Geological Survey 
VSP Vertical Seismic Profile 
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1.0 Project Narrative 


1.1 Project Background and Contact Information 


Cleco Power, LLC’s primary goal of the Cleco Diamond Vault Project is to capture and 
sequester carbon dioxide (CO2) near Boyce, Rapides Parish, Louisiana. The project is planned as 
a multi injection well facility with six injection wells being proposed. Three well pads will each 
host two injection wells targeting different injection formations: the Wilcox 1 and the Wilcox 2. 
Each well will be drilled from a land-based location and have an S-shaped trajectory, returning 
vertically above the confining layer with injection zones under Lake Rodemacher. 


In compliance with Environmental Protection Agency (EPA) Underground Injection Control 
(UIC) Class VI regulations, each injection well will be permitted separately. 


This document (and associated sections) forms the Class VI application for injection well 
CLDR-IW4.  


An overview of the project site is presented in Figure 1-1 which shows the location of the six 
proposed injection wells relative to Lake Rodemacher and local infrastructure. The Area of 
Review (AoR) for the project is also shown. This AoR encompasses the combined pressure front 
at the end of injection from all injection wells. 


Figure 1-2 shows the eastern well pad with CLDV-IW4 (the subject injection well of this permit 
application), highlighted. 


The data used in the preparation of this permit application are based on extensive regionally 
available sources. It is anticipated that this information will be updated with data acquired from a 
stratigraphic test well (STW). The STW will be centrally located within the AoR and will be 
drilled to reduce uncertainty in the characterization of the geomechanical and hydrogeological 
subsurface at the project site. Extensive wireline logging, coring, fluid sampling, and formation 
hydrogeologic testing will be performed. These data will be incorporated into the static earth 
model and dynamic models (Permit Section 2) from which the AoR is derived. 
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Figure 1-1: Cleco Diamond Vault Project showing proposed location of six injection wells, AoR, and 
local infrastructure. 
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Figure 1-2: Map view of eastern well pad showing location of CLDV-IW4. 


 


Sensitive, Confidential, or Privileged Information















 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 15 of 83 


1.1.5 Injection Depth Waiver or Aquifer Exemption Requested 


No injection depth waiver or aquifer expansion being sought as a part of this permit application. 


1.1.6 Other Administrative Information 


Table 1-4 provides the administrative information for this Class VI injection well permit 
application as required by 40 CFR 144.31(e)(1 through 6).  


Table 1-4: General Class VI CO2 injection well permit application information. 


1.2 Site Characterization 


1.2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 
146.82(a)(3)(vi)] 


The Cleco Diamond Vault facility is located northwest of the town of Boyce in Rapides Parish, 
Louisiana. The facility sits within the Western Gulf Coastal Plain in central Louisiana on the 
northern flank of the Gulf Coast Basin and at the southern end of the Mississippi Embayment 
(Figure 1-3). This region has favorable geology for carbon storage in porous and permeable deep 
saline formations interstratified with low porosity and low permeability caprocks. In the Gulf of 
Mexico Basin and throughout the Gulf Coast, deposition of Jurassic to Holocene-age 
sedimentary rocks began due to the breakup of Pangea and associated crustal extension and 
expansion of the seafloor during the Mesozoic (Sawyer et al., 1991). Over 15,000 ft of sediments 
in the study area thicken and gently dip from north to south towards the Gulf of Mexico. The 
deep saline storage reservoirs and caprocks at and near the Cleco site are comprised of Cenozoic-
age sandstone and shale. 
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The site is bordered by the Sabine Uplift, North Louisiana Salt Basin, and La Salle Arch to the 
north and the South Louisiana Salt Basin to the south (Figure 1-3). Other structural elements 
include salt domes in the salt basin regions north and south of the site and the Angelina Caldwell 
Flexure, which extends from central Texas into Louisiana (Dennen and Hackley, 2012). The 
study area is located on the stable shelf north of the Wilcox expanded fault zone, where growth 
faults are present due to the deposition of large volumes of sediment on an unstable shelf margin. 
No regional faults are mapped in the immediate Cleco site location. 


 


Figure 1-3: Map of northern Gulf Coast Basin structural features including basins, uplifts, and other 
structural features. The Cleco Diamond Vault site is denoted by the yellow star in central Louisiana. 


Abbreviations: K, Cretaceous; LK, Lower Cretaceous; LA, Louisiana. Modified from Warwick (2017). 


 


The region has favorable geology for carbon storage in the clastic rocks of the Paleocene- to 
Eocene-age Wilcox Group and the Carrizo Sandstone. The primary storage reservoir identified at 
the Cleco Diamond Vault facility is the Wilcox Group, which is a 3,500-foot-thick sequence of 
clastic rocks with dominate lithologies of sandstone and shale (Carlson and Van Biersel, 2009; 
Warwick, 2017). Storage capacity within the Wilcox Group is found within the pore space of 
coarse-grained, quartz-rich sediments (Dutton et al., 2015). Regionally, the Wilcox Group is 
often divided into two units, which are separated at the base of a regionally extensive shale in the 
upper zone, the Big Shale (Galloway, 1968; Tye, 1991). In this project, the upper Wilcox unit is 
referred to as the Wilcox 1, and the lower Wilcox unit is referred to as the Wilcox 2.  
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1.2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 


At the Cleco Diamond Vault site location and surrounding area, there is no evidence of 
subsurface faults or structural features that would impact the integrity of the confining zones. 
Thus, there is low containment risk for interference of injected CO2 with the shallower USDWs. 
The deepest USDW at the Cleco Diamond Vault facility is the Oligocene-age Catahoula 
Formation, which is found at an estimated depth of 660 ft in the CLDV-IW4 well. The top of the 
Cane River confining zone is 3,713 ft below surface, which is 2,627 ft below the base of the 
Catahoula Formation in the CLDV-IW4 well. The exact spatial relationship between the 
lowermost USDW and the injection and confining zones will be confirmed during the drilling of 
STW. Additionally, the Cook Mountain Formation, the Jackson Group, and the Vicksburg Group 
serve as secondary confining zones between the primary confining zone and the lowermost 
USDW. The depths of these secondary confining zones in the CLDV-IW4 well are labeled on 
the stratigraphic column in Figure 1-4.  


The formations found in the subsurface of the Cleco Diamond Vault facility are locally 
correlative and laterally extensive across the region. This was evaluated and confirmed through 
regional reports, cross sections and maps, and well and seismic data correlations throughout the 
immediate site location and surrounding area. Regional structure and thickness maps for these 
units and further detail about data types used can be found in Section 1.2.4. Major geologic units 
and their stratigraphic relationships are depicted in the regional cross section shown in Figure 1-
5, where the Cleco Diamond Vault site location is denoted with a yellow star.  
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Figure 1-5: Geologic cross section from west to east Louisiana featuring the structural configuration of 
subsurface strata that contains the target injection zone and caprock, as well as the deepest USDW. 


Modified from Whiteman and Martin, 1984. 


A map of the AoR, existing wells within the AoR, and proposed injection wells is shown above 
in Figure 1-1. The Cleco Diamond Vault facility has a total of 23 shallow groundwater 
monitoring wells on site. These wells are part of an established groundwater monitoring system 
around the various ash and metal ponds in the facility. These wells vary in depth from 50 to 300 
ft and are used to test for various parameters such as pH, conductivity, chloride, sulfate, arsenic, 
among others in shallow groundwater aquifers such as the Carnahan Bayou Aquifer. 
Additionally, an air monitoring program is in place at the Cleco Diamond Vault site.  


1.2.3 Faults and Fractures [40 CFR 146.82(a)(3)(ii)] 


Large faults and their associated fractures have predominantly been identified in the 
northwestern and southern areas of Louisiana (Stevenson and McCulloh 2001) in the North 
Louisiana Fault Zone and the Wilcox Fault Zone, respectively. However, the stable shelf region 
of central Louisiana is not known to be a heavily faulted area, and no major faults have been 
identified near the site location in Rapides Parish (Figure 1-6). Additionally, regional evaluations 
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confirm the absence of salt domes in the site area, which are typically associated with faults and 
fractures. Therefore, no faults or fractures are expected to impact the integrity of the confining 
zone and the containment of injected CO2 at the site location. This was further evaluated with 
multiple two-dimensional (2D) seismic lines. Three 2D seismic lines were licensed to conduct a 
preliminary assessment of the presence or absence of large-scale faults near the Cleco facility. 
This assessment found no evidence of significant faulting in the study area. This will be 
evaluated in more detail and confirmed by collecting image logs and whole core samples from 
the STW. An example of one of the licensed 2D seismic lines (80-378-185) is shown in Figure 1-
7.  


 


 


 


Figure 1-6: Map of major faults in Louisiana. The Cleco Diamond Vault site is denoted by the yellow 
star. Modified from Stevenson and McCulloh (2001). 
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Figure 1-7: Example of licensed 2D seismic line (80-378-185) acquired through the study area;
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1.2.4 Injection and Confining Zone Details [40 CFR 146.82(a)(3)(iii)] 


Confining Zone: Cane River Shale 


The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Wilcox Group and Carrizo Sandstone and below the Sparta Sandstone. In the site location, the 
top of the Cane River is found at depths of -3063to -3550 ft true vertical depth sub-sea (TVDss), 
and the gross thickness ranges between 325 and 355 ft. Depth and thickness across the AoR were 
determined by picking formation tops from digital well log data proximal to the site. These were 
gridded using a convergent interpolation algorithm from Schlumberger's Petrel® and contoured 
in TVDss and all surface maps were quality control checked using the 2D seismic lines. Maps of 
the top structural surface and the thickness of the Cane River are presented in Figure 1-8. 


Injection Interval: Wilcox Sandstone 
For this project, the regionally extensive Wilcox Group was divided into an upper Wilcox 1 and 
lower Wilcox 2 based on the presence of a regional shale called the Big Shale (Galloway, 1968; 
Tye, 1991). In the AoR, the top of the Wilcox 2 injection zone is found at depths between 5,602 
and 7,733 ft below surface, and the gross thickness ranges between 2037 and 2257 ft. Maps of 
the top structural surface and the thickness of the Wilcox 2 are presented in Figure 1-9. At these 
depths, pressure and temperature conditions are high enough to sustain a supercritical phase of 
the injected CO2 at the site. The modest variation in thickness demonstrates no evidence of local 
formation pinch our or faulting that would affect CO2 storage. 


   


 


Figure 1-8: Structural map showing measured depth from the surface to the top of the Cane River (left) 
and Cane River formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 
200 ft and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed 


line indicates the Dynamic Reservoir Model boundary. The white outline indicates Cleco land boundaries. 
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Figure 1-9: Structural map showing measured depth from the surface to the top of the Wilcox 2 (left) and 
Wilcox 2 formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 200 ft 
and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed line 
indicates the Dynamic Reservoir Model boundary. The white outlines indicate Cleco land boundaries. 


Much of the subsurface data analyzed in this study are derived from regional wells with modern 
wireline log data, as well as historical log data from wells proximal to the site. Twenty-five wells 
from across the region were acquired that provided: 1) multiple log types of interest, 2) adequate 
spatial and depth coverage, 3) core analysis data, and 4) checkshot or velocity survey data. Eight 
wells were not used to inform model properties due to poor log data quality, although they were 
able to be used to develop structural surfaces. Of the remaining logs, 17 supplied regional and 
local measurements of in-situ physical rock properties, such as porosity, at depths that captured 
the entirety of the target reservoir and caprock formations. One well with routine core analysis 
data provided two data points in the Carrizo/nine data points in the Wilcox 1/three data points in 
the Wilcox 2. The wireline log and core data are consistent with observations pertaining to depth, 
thickness, lateral extent, and lithology from the three 2-D seismic lines shown in Figure 1-10 and 
discussed further in Section 1.2.3. These datasets enabled the project to interpret crucial 
subsurface information regarding the lithology and quality of the reservoir and caprock and 
calculate rock properties. 


Current interpretations of the injection and confining zones at the Cleco Diamond Vault site will 
be confirmed by routine and advanced datasets acquired from the stratigraphic test well as 
detailed in the Pre-operational Testing Plan. Site-specific geologic core and special core analysis 
will confirm porosity and permeability, mineralogy, capillary pressure, and relative permeability 
as specified by EPA (2012) [40 CFR 146.82(a)(3)(iii)]. Additionally, geomechanical data in the 
storage zone will confirm the maximum injection pressure, rock strength, and in-situ fluid 
pressure as specified by EPA (2012) [40 CFR 146.82(a)(3)(iv)]. 
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Figure 1-10: Map of the wells selected for log data analysis and location of purchased 2D seismic lines. 
The well highlighted in red was used to create a well-tie to tie the seismic time data to depth for 


integration into the model. 


Sediments of the upper Cane River consist of brown clay, and the lower Cane River is composed 
of glauconite and glauconitic marl. At the basal contact of the Cane River and Carrizo, brown 
quartzose sand with minor glauconite is present. Minor constituents include carbonaceous 
minerals in the upper Cane River and fine quartz sand grains (Choung, 1975). An in-depth 
mineralogical assessment of the Cane River is necessary to evaluate the potential effects of 
injected CO2 on its competence as caprock. Data and rock samples collected from the 
stratigraphic test well will be used to confirm that the mineral composition of the Cane River is 
conducive to confining CO2.  


The Wilcox Group is a heterogeneous formation composed of very fine- to coarse-grained 
sandstone with frequent shale interbeds (Dutton et.al, 2015).  The sandstones that compose the 
Wilcox Group are abundant in feldspars and lithics and are predominately characterized as 
felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). Figure 1-11 displays a ternary 
diagram of the composition of Wilcox Group samples collected from Louisiana and Texas. 
Quartz is the most common mineral found in the rocks of the Wilcox Group, with calcite and 
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ankerite being the next most prevalent, and numerous other minerals identified in minor volumes 
(Loucks and Dutton, 2019). Cementation (primarily quartz cementation) makes up 10 to 35% of 
the rock volume of the Wilcox Group. As with the Carrizo Sandstone, the prevalence of quartz 
cement in the Wilcox Group has positive implication for CO2 injection, as quartz cemented rocks 
are naturally resistant to the potentially corrosive effects of long-term exposure to injected CO2. 
Table 1-5 summarizes the mineralogical make-up of the Wilcox Group. 


 


 


Figure 1-11: Ternary diagram displaying the compositional make up of rock samples collected from the 
Wilcox Group in Texas and Louisiana (Loucks and Dutton, 2019).  
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Wilcox Group Mineralogy 


Major 
Minerals 


Quartz 
Calcite 
Ankerite 


Minor 
Minerals 


Albite 
Chlorite 
Dolomite 
Glauconite 
Illite 
Illite-Smectite mix 
Kaolinite 
Leucoxene 
Pyrite 
Siderite 
Sphene 


Table 1-5: Mineralogical composition of rock samples collected from the Wilcox Group in Texas and 
Louisiana (Loucks and Dutton, 2019). 


 


Based on the Department of Energy (DOE)-National Energy Technology Laboratory (NETL) 
methods for static volumetric calculations (Levine et. al, 2016), the estimated storage capacity 
for the Wilcox 2 within the AoR is approximately 10.3 MMt of CO2 per mi2. Inputs for 
thickness and porosity were determined by calculating the average net thickness and effective 
porosity values across the AoR for the Wilcox 2 (1265 ft and 11%, respectively). Then, the input 
for the density of CO2 was calculated using the same temperature and pressure gradients as the 
reservoir model, which were applied to the midpoint depth for the Wilcox 2 in the center of the 
AoR (approximately 6400 ft below ground surface). The initial water saturation from relative 
permeability was used, and storage efficiency factors were applied. The same workflow applied 
to the Wilcox 1 results in a storage capacity estimation of approximately 5.5 MMt of CO2 per 
mi2. The Cane River has a low average porosity and permeability of 3.48% and 0.012 mD, 
respectively. The tight, impermeable nature and the lack of faults and fractures in this formation 
indicate that it will serve as an adequate confining zone.  


1.2.5 Geomechanical and Petrophysical Information [40 CFR 146.82(a)(3)(iv)] 


Petrophysical analysis was conducted to integrate available log data in the study area, generate 
the porosity log curves used to populate the static earth model (SEM), and determine the storage 
reservoir properties. The logs compiled as part of the data collection effort, detailed in Section 
1.2.4, were first edited, and normalized as part of the quality control procedure to eliminate 
erroneous data points, correct for varying signal intensities, and establish consistent readings 
between wells. A lithologic log representing the fraction of clay with depth, Vclay, was 
generated and integrated with core data and routine porosity logs to calculate refined porosity 
curves, and subsequently, permeability curves. The permeability log was further refined by rock 
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type after modeling hydraulic facies, or zones of rock that have comparable properties 
controlling fluid flow.  


Additional geomechanical and petrophysical properties will be evaluated and confirmed through 
well tests, wireline logs, and laboratory analyses of core samples from the STW. Geomechanical 
properties of the target and confining zone will be confirmed from minifrac test analysis and 
dipole sonic logs. The geomechanical integrity of the confining zone is confirmed if its fracture 
pressure exceeds the target zone’s. Data will be collected in the STW using wireline logging 
tools such as the dipole sonic to determine elastic rock properties such as Young’s modulus, 
stresses and Poisson’s ratio which will be used as an accuracy check for the minifrac data in case 
of any operational issues during testing.   


1.2.6 Seismic History [40 CFR 146.82(a)(3)(v)] 


The seismic history for the area was characterized using publicly available data from the United 
States Geological Survey (USGS) and the Louisiana Geological Survey (LGS). Louisiana is 
largely a seismically inactive state in which earthquakes have historically occurred with low 
frequency and magnitude. Extensive faulting is present in the northwestern and southern areas of 
Louisiana. However, these faults are primarily growth faults associated with sediment loading 
and are not seismically active. No recorded earthquakes in Louisiana have been definitively 
attributed to any of the mapped fault systems in the state (Stevenson and McCulloh, 2001). Eight 
earthquakes have been recorded in Louisiana in the last 100 years (1923–2023); only two were 
greater than 3.5 M, and none occurred within 80 miles of the project site (Figure 1-12). Of these 
earthquakes, all have occurred at depths of 5 km or greater, apart from one that occurred at a 
shallower depth of 0.4 km. Additionally, one occurred in 1930 in which the depth is unknown 
(USGS, 2023). 


The absence of recorded earthquakes near the Cleco Diamond Vault project site is consistent 
with the regional seismic hazard map published by the USGS (2014), which designates central 
Louisiana as a low-risk area for seismic activity. There is a 2% probability that the level of 
horizontal shaking, or peak ground acceleration (PGA), due to seismic activity will exceed 4–8% 
of the acceleration due to gravity within 50 years (Figure 1-13). 
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Figure 1-12: Earthquakes in Louisiana greater than or equal to 2.5 magnitude since 1900 (modified from 
USGS, 2023). 
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Figure 1-13: 2014 regional seismic hazard map for Louisiana (USGS, 2014). 


 


1.2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 


To further understand the subsurface underlying the Cleco Diamond Vault site, an assessment of 
the local hydraulic and hydrogeologic conditions was completed. This included a review of the 
hydrostratigraphy, groundwater flow direction, and salinity of shallow and deep aquifers in 
Rapides Parish, Louisiana. This assessment benefited from the work of Griffith (2009), which 
reviewed the hydrogeology, including water quality, of Rapides Parish. This work used a cutoff of 
250 mg/L chloride concentration to determine the freshwater-saltwater interface (as opposed to 
10,000 mg/L total dissolved solids [TDS] cutoff for the lowest USDW interface), as shown in the 
subsequent maps. 


Table 1-6 and Figure1-14 display the shallow subsurface hydrostratigraphy of Rapides Parish, 
Louisiana. Regionally, there are seven aquifers containing freshwater (USDWs) in Rapides 
Parish, as well as three confining units that separate them into four groups (Griffith, 2009). Each 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 30 of 83 


of these aquifers occur in rocks composed of clastic sediments of varying sizes (clay, silt, sand, 
gravel) with the sand/sandstone beds of the formations being most amenable to freshwater 
production. The confining layers separating the aquifer systems are composed primarily of clay 
and silt, rendering them impermeable (Griffith, 2009).  


The spatial distribution of these seven aquifers varies throughout the Parish. Locally, there are 
five aquifers present in the subsurface beneath the Cleco project site: the Red River Alluvial, the 
Chicot Aquifer System, the Upland Terrace Aquifer, the Carnahan Bayou Aquifer, and the 
Catahoula Aquifer (Figures 1-15, 1-16, and 1-17). The Red River Alluvial aquifer is a 
predominately freshwater aquifer that extends roughly through the middle of Rapides Parish in a 
northwest to southeast direction. Its depth varies across Rapides Parish, ranging in elevation 
from 0 to 80 ft above the National Geodetic Vertical Datum of 1929 (NGVD), and it is at or near 
its shallowest points near the Cleco Diamond Vault site. Groundwater movement in the Red 
River Alluvial aquifer varies locally, however in general the waters that comprise the aquifer 
generally flow in an eastward direction. The Chicot and Upland Terrace aquifers merge in 
southwestern Rapides Parish and are treated as one large freshwater aquifer. Groundwater flow 
in the Chicot and Upland Terrace Aquifers is complex and flows in multiple directions 
throughout the Parish, generally in the direction of a nearby surface water stream. Considerable 
variation exists in altitude of the Chicot and Upland Terrance aquifers, as it varies in elevation 
from 80 ft above to 40 ft below NGVD and is about 40 ft above NGVD near the Cleco Diamond 
Vault site. The Carnahan Bayou Aquifer is the most extensive of the six regional aquifers, 
encompassing all of Rapides Parish. Water quality varies considerably in the Carnahan Bayou 
Aquifer, with most of the aquifer being comprised of saltwater or mixed saltwater and 
freshwater. Despite this, a significant portion of the Carnahan Bayou aquifer contains freshwater, 
notably in northern Rapides Parish. The surface of the Carnahan Bayou aquifer ranges in 
elevation from roughly 100 ft above NGVD to 200 ft below NGVD and is locally approximately 
0 ft above NGVD near the Cleco site. Groundwater flow in the Carnahan Bayou aquifer is 
related to groundwater withdrawal and usage and trends towards the cities of Alexandria and 
Pineville and the Kisatchie well field.  
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Figure 1-14: Hydrogeologic stratigraphic cross section of Rapides Parish, LA  
(modified from Griffith, 2009) 
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Figure 1-15: Map displaying the spatial extent and general direction of groundwater flow of the Red River Alluvial Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-16:  Map displaying the spatial extent and general direction of groundwater flow of the Chicot Aquifer in Rapides, Parish LA (modified 
from Griffith, 2009). 
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Figure 1-17:  Map displaying the spatial extent and general direction of groundwater flow of the Carnahan Bayou Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-18: Total dissolved solids (salinity) concentration map for the Carrizo Sandstone and Wilcox Group in Louisiana (modified from 


Pettijohn et. al, 1988). Colors indicate TDS concentrations. The Cleco study area, highlighted by the yellow star, has TDS concentrations of 
approximately 70,000 mg/L for the Carrizo and Wilcox. 
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In addition to reviewing shallow subsurface freshwater aquifers in Rapides Parish, it was also 
necessary to review the salinity levels of the potential saline reservoir injection targets. Saline 
reservoirs in Louisiana were researched by Pettijohn et. al. (1988) in their work focusing on the 
aquifers and hydrogeology of the Tertiary System in the Gulf of Mexico Coastal Plain. This 
work included the creation of a map detailing the salinity of the reservoirs within the Wilcox and 
Claiborne Groups. This map indicates the salinity of these units becomes increasingly saline 
towards the southern portions of Louisiana, as well as with increasing depth, with the Carrizo 
and Wilcox mapped as having TDS values of approximately 70,000 parts per million (ppm) 
(Figure 1-18). Additional to this map, salinity calculations were derived from well logs in the 
immediate vicinity of the Cleco property to confirm TDS values found in literature (Figure 1-
19). These maps, along with well log calculated salinity, support that water in the target storage 
formations is sufficiently saline in the study area to permit CO2 storage projects. 


 


Local log data shows a range of salinities, which is likely due to the vintage of the resistivity logs 
(Figure 1-19) and thus likely a measurement error. However, all wells show salinities 
significantly greater than 10,000 ppm for each injection zone, which is the regulatory lower 
limit. Calculated salinity values are consistent with regional literature (Carlson and Van Biersel, 
2009; Pettijohn et. al, 1988). These apparent water resistivity (Rwa)-derived salinity values 
should be considered a minimum salinity. Local mapping of greater than 70,000 ppm is highly 
likely for each zone. 
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The analysis of onsite geochemical properties in the subsurface reservoirs above and within the 
injection zones will confirm the intervals identified for CO2 storage meet the criteria outlined for 
Class VI permit approval. 


1.2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 


No surface air and/or soil gas data were collected at the Cleco site location.  


 


1.2.10 Site Suitability [40 CFR 146.83] 


An extensive set of subsurface data have been analyzed at the Cleco Diamond Vault site to 
support the evaluation of site suitability. The integration of well logs, 2D seismic, and regional 
maps and cross sections confirm the lateral extent of the target reservoir and confining zone, as 
well as the absence of faulting and structural features at the site location and surrounding area 
that would impact the integrity of the confining zone. Therefore, the containment risk is low, and 
no secondary confinement zone is necessary for USDW protection. Additional well and rock 
data collected from a site characterization well will provide further geomechanical data to 
support the integrity of the confining zone.  


The Cleco Diamond Vault site location is also suitable for CO2 sequestration due to its favorable 
target reservoir lithologies. The Wilcox 1 and 2 are composed of sandstones with interbedded 
shales.  The sandstones have a predominantly felspathic and lithic mineralogy and are 
categorized as felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). The most 
common mineral in the sandstones of the Wilcox 1 and 2 is quartz followed by calcite and 
ankerite, as well as numerous accessory minerals present in minor volumes (Loucks and Dutton, 
2019). Additionally, quartz cementation makes up 10 to 35% of the rock volume of the Wilcox 1 
and 2. The prevalence of quartz cement has positive implications for CO2 injection because 
quartz-cemented rocks are naturally resistant to the potentially corrosive effects of long-term 
exposure to injected CO2. Furthermore, although neither the CO2 stream nor formation waters 
are expected to be highly corrosive, the injection well materials that come in contact with the 
CO2 stream and/or reservoir brines will be constructed of corrosion-resistant materials, such as 
13CR steel, or similar. For example, the casing string across the Wilcox 1 and 2, the packer, and 
deep portion of the tubing with be constructed with corrosion-resistant materials.   


 
 


 
 


 
 


The target reservoirs for injection (Wilcox 1 and 2) are fluvial deltaic in origin. Their resulting 
geometries are influenced by the orientation of the main sediment source during deposition, 
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determine an AoR for CO2 injection at the Cleco Diamond Vault project site. The SEM is a 
three-dimensional (3D) geocellular model that represents the porosity and permeability of 
different stratigraphic formations, most notably, the intended CO2 storage formation and 
overlying confining layer. This type of model was selected as it offers the best options for 
quantifying, representing, and visualizing the subsurface geologic interpretations for the site. The 
purpose of this model is to represent available pore volume and enable the estimation of CO2 
storage capacity. Primarily, this geologic model serves as the framework (in terms of delineating 
zones, surfaces, permeability, and porosity) for computational modeling of CO2 injection.  
The computational modeling to simulate CO2 injection into the saline aquifer was performed 
using a 3D multiphase flow simulator CMG-GEM 2016 version (CMG-GEM, 2016). In addition 
to the geological framework imported from the SEM, additional parameters, such as relative 
permeability data, initial conditions, phase behavior model, and well and perforation parameters, 
were added to the computational model to complete the dynamic modeling. CMG-GEM is an 
equation-of-state based compositional simulator that models the phase behavior of brine and CO2 
plumes during the injection and post-injection phases of a project. Multiple phases were 
accounted for in the computational model including aqueous, gas, and supercritical phases.  


Modeling multiphase flow processes in porous media, with all components as described above, 
enables: 


• Estimation of pressure buildup in the storage formation – confining layer system  


• CO2 phase behavior at storage reservoir condition  


• CO2 saturation to determine plume extent in the storage formation (Wilcox 2 Sandstone)  


• Ensure confining layer sealing capabilities  


The estimated CO2 saturation map and pressure buildup from modeling multiphase flow 
processes will predict CO2 movement during the injection and post injection periods and 
delineate the AoR. 
  


1.4 Permit Section 3.0: Financial Responsibility  


The Financial Responsibility Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(14) and 146.85.  


1.5 Permit Section 4.0: Injection Well Construction  


1.5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 


No completion stimulation is planned at this time because the reservoir quality is expected to be 
adequate for the planned injection volumes. 
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1.5.2 Construction Procedures [40 CFR 146.2(a)(12)] 


A newly drilled injection well (CLDV-IW4) will be constructed at the Cleco Diamond Vault 
facility near Boyce, Louisiana, to meet the requirements of 40 CFR 146.86.  


1.5.3  Casing and Cementing 


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor, surface, and 
intermediate casing sections will all be carbon steel. The deep casing string will be constructed 
with corrosion-resistant chrome (13CR) across the reservoir and caprock to total depth (TD) and 
carbon steel from above the caprock to surface. This section of the wellbore is expected to have 
intermittent exposure to CO2-formation water mixed fluids especially in the initial phases of 
injection and intermittently when well workovers are performed throughout the life of the 
project. Although the expected water content of the injectate stream will be less than 50 ppm, the 
injection tubing string and flow-wetted injection tree components will be composed of corrosion- 
resistant materials.  


Table 1-7 summarize the casing program for the injection well and Table 1-8 summarizes the 
cement program. All casing strings will be cemented to surface and any changes to the final well 
design will be discussed with the UIC Director or representative.   


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW. 


Table 1-7: Casing details. 


 


Sensitive, Confidential, or Privileged Information







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 43 of 83 


Table 1-8: Cement program for the CO2 injection well. 


After the well has been completed, a cement bond log – variable density log (CBL-VDL) and 
advanced ultrasonic cement evaluation log will be run of the entire depth of the long casing 
string shortly after completion of the injection well to confirm that the casing string was properly 
cemented. A baseline temperature measurement will also be acquired from surface to TD to 
provide initial temperature conditions over the well.  


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 pounds per gallon (ppg).  Final choice of 
the type of fluid will depend on availability and wellbore conditions. 


1.6 Permit Section 5.0: Pre-Operational Logging and Testing  


The Pre-Operational Logging and Testing Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(8) and 40 CFR 146.87. 


This plan describes the pre-operational formation testing program implemented to characterize 
the chemical and physical features of the injection zone and confining zone at the Cleco 
Diamond Vault Project. The data set from STW will form the base of the pre-operational data 
set. A thorough logging and testing plan will be completed including wireline logging, side wall 
cores and whole core, fluid sampling and injection testing.   


1.7 Permit Section 6.0: Well Operations 


1.7.1 Operational Procedures [40 CFR 146.82(a)(10)] 


This section describes the source of the CO2 that will be delivered to the storage site, its chemical 
and physical properties, flow rate, and the anticipated pressure and temperature of the CO2 at the 
pipeline outlet. In addition, this section provides the monitoring that will be performed on the 
injection well to confirm that it does not provide a conduit from the storage formation to above 
confining zone water sources, USDW sources, or the surface. 
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baseline dataset. Once the injection phase commences, samples of the CO2 injection stream will 
be collected from the CO2 delivery pipeline for analysis every three months.  


1.8 Permit Section 7.0: Testing and Monitoring 


The Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.82(a)(15) and 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with CO2 injection into the subsurface. Goals of the 
monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting USDWs 
• Ensuring that the injection well is operating as planned 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support AoR re-evaluations over the course of the project 


The Testing and Monitoring Plan will be adaptive over time in that the plan can be adjusted to 
respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 1-1 illustrates the modeled AoR over the 12-year injection period.  


The Testing and Monitoring Plan will outline several direct and indirect technologies used 
throughout the injection and PISC phases of the project that will monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest and the deepest water-


bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan (Permit Section 6.0). Table 1-11 summarizes 
the proposed testing and monitoring plan for the project.  
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The well integrity of the injection, deep monitoring and above confining zone (ACZ) wells will 
be monitored using a range of internal and external mechanical integrity evaluation methods. 
Initially, a mechanical integrity test (MIT) will be performed on the injection well following the 
well completion to confirm internal integrity as per the Pre-Operations Testing Plan (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)).    


Pressure fall-off tests (PFOs) will be conducted in the injection formation in the injection well 
when they are drilled to establish the hydrogeologic characteristics of the storage formation (Pre-
Operational Testing Plan, Permit Section 5). During the injection phase of the project, a PFO will 
be conducted in the injection well at least once every five years.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). The shallow 
groundwater monitoring program will consist of a network of wells within the AoR. 
Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
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pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation. A robust deterministic seismic forward modeling project will be undertaken to 
demonstrate that this technique can successfully detect subsurface changes associated with CO2 
injection at this site (Section 7.8.5). 


Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 
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1.9 Permit Section 8.0: Injection Well Plugging 


The Injection Well Plugging Plan describes how Cleco Power, LLC will plug the injection well 
pursuant to 40 CFR 146.82(a)(16) and 146.92.  


A Notice of Intent to plug the well will be submitted to the EPA at least 60 days prior to the 
plugging operations (40 CFR 146.92 (c)). After the project has verified that there are no external 
well integrity issues, the well will be flushed with buffer fluid to remove any fluids or 
particulates that may be present in the well. The injection well casing will be plugged with 
cement to ensure that it does not provide a conduit outside the injection zone. Table 1-11 shows 
the intervals that will be plugged as well as the materials and methods that will be used to plug 
the intervals.  


 


Table 1-11: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
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1.10 Permit Section 9.0: Post-Injection Site Care (PISC) and Site Closure 


The PISC and Site Closure Plan describes the activities that Cleco Power, LLC will perform to 
meet the requirements of 40 CFR 146.82(a)(18) and 146.93(c). 


Cleco Power, LLC will monitor groundwater quality and track the position of the CO2 plume and 
pressure front for 10 years after the cessation of injection, which is the anticipated timeline for 
CO2 plume and pressure front stabilization.  


Based on the modeling of the pressure front as part of the AoR delineation, pressure at the 
injection well is expected to decrease to pre-injection levels in less than 10 years. Additional 
information on the projected post-injection pressure declines and differentials is presented in the 
permit application and the AoR and Corrective Action Plan (Permit Section 2.0). 


1.11 Permit Section 10.0: Emergency and Remedial Response  


The Emergency and Remedial Response Plan (ERRP) is submitted to meet the requirements of 
Plan 40 CFR 146.82(a)(19) and 146.94(a). 


The ERRP provides actions that Cleco Power, LLC will take in the event of an emergency and to 
address movement of CO2 or formation fluid that may endanger an USDW during the 
construction, operation, or PISC periods. 


If evidence indicates that the injected CO2 stream, formation fluids, and/or associated pressure 
front may cause an endangerment to a USDW, the following actions must be performed: 


1. Initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release or migration. 
3. Notify the permitting agency/UIC of the emergency event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 
Cleco Power, LLC will immediately cease injection. However, in some circumstances, Cleco 
Power, LLC will, in consultation with the UIC Director, determine if a gradual cessation of 
injection is appropriate. If a non-emergency shutdown of the CO2 injection system is required, 
the operator will complete the shutdown in a stepwise approach to prevent over-pressure 
situations and/or damage to the equipment.  Efforts will also be made to maintain the CO2 in the 
injection stream in a supercritical phase to prevent special operations during the restart of the 


Sensitive, Confidential, or Privileged Information







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 52 of 83 


system.  Also, override of certain relays may be required to properly and safely shutdown the 
system. 


1.12 Injection Depth Waiver and Aquifer Exemption Expansion 


Cleco Power, LLC is not applying for a depth waiver or an aquifer exemption. 


1.13 Other Information – Environmental Justice Baseline Analysis 


Cleco Power, LLC have completed an Environmental Justice Baseline Analysis for the Cleco 
Diamond Vault Project. The report is included in Appendix A. 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are included in Appendix B. 
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 Appendix A – Environmental Justice Baseline Analysis 
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FIGURES 
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ATTACHMENT
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Appendix B – The “IT Decision” – Response to Five Questions 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are as follows: 


1. Have the potential and real adverse environmental effects of the proposed facility been 
avoided to the maximum extent possible? 


2. Does a cost benefit analysis of the environmental impact costs balanced against the social 
and economic benefits of the proposed facility demonstrate that the latter outweighs the 
former? 


3. Are there alternative projects which would offer more protection to the environment than 
the proposed facility without unduly curtailing non-environmental benefits? 


4. Are there alternative sites which would offer more protection than the proposed facility 
site without unduly curtailing non-environmental benefits? 


5. Are there mitigating measures which would offer more protection to the environment 
than the facility as proposed, without unduly curtailing non-environmental benefits? 


These questions and requirements will be resolved in detail. Thoughtful answers to these 
questions are being developed in conjunction with an air permit by Cleco’s environmental 
consultant. Upon completion, this information will be added to future revisions of this permit.   
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1.0 Project Narrative 


1.1 Project Background and Contact Information 


Cleco Power, LLC’s primary goal of the Cleco Diamond Vault Project is to capture and 
sequester carbon dioxide (CO2) near Boyce, Rapides Parish, Louisiana. The project is planned as 
a multi injection well facility with six injection wells being proposed. Three well pads will each 
host two injection wells targeting different injection formations: the Wilcox 1 and the Wilcox 2. 
Each well will be drilled from a land-based location and have an S-shaped trajectory, returning 
vertically above the confining layer with injection zones under Lake Rodemacher. 


In compliance with Environmental Protection Agency (EPA) Underground Injection Control 
(UIC) Class VI regulations, each injection well will be permitted separately. 


This document (and associated sections) forms the Class VI application for injection well 
CLDR-IW5.  


An overview of the project site is presented in Figure 1-1 which shows the location of the six 
proposed injection wells relative to Lake Rodemacher and local infrastructure. The Area of 
Review (AoR) for the project is also shown. This AoR encompasses the combined pressure front 
at the end of injection from all injection wells. 


Figure 1-2 shows the eastern well pad with CLDV-IW5 (the subject injection well of this permit 
application), highlighted. 


The data used in the preparation of this permit application are based on extensive regionally 
available sources. It is anticipated that this information will be updated with data acquired from a 
stratigraphic test well (STW). The STW will be centrally located within the AoR and will be 
drilled to reduce uncertainty in the characterization of the geomechanical and hydrogeological 
subsurface at the project site. Extensive wireline logging, coring, fluid sampling, and formation 
hydrogeologic testing will be performed. These data will be incorporated into the static earth 
model and dynamic models (Permit Section 2) from which the AoR is derived. 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 11 of 83 


Figure 1-1: Cleco Diamond Vault Project showing proposed location of six injection wells, AoR and local 
infrastructure. 
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Figure 1-2: Map view of eastern well pad showing location of CLDV-IW5. 
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1.1.5 Injection Depth Waiver or Aquifer Exemption Requested 


No injection depth waiver or aquifer expansion is being sought as part of this permit application. 


1.1.6 Other Administrative Information 


Table 1-4 provides the administrative information for this Class VI injection well permit 
application as required by 40 CFR 144.31(e)(1 through 6).  


Table 1-4: General Class VI CO2 injection well permit application information. 


1.2 Site Characterization 


1.2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 
146.82(a)(3)(vi)] 


The Cleco Diamond Vault facility is located northwest of the town of Boyce in Rapides Parish, 
Louisiana. The facility sits within the Western Gulf Coastal Plain in central Louisiana on the 
northern flank of the Gulf Coast Basin and at the southern end of the Mississippi Embayment 
(Figure 1-3). This region has favorable geology for carbon storage in porous and permeable deep 
saline formations interstratified with low porosity and low permeability caprocks. In the Gulf of 
Mexico Basin and throughout the Gulf Coast, deposition of Jurassic to Holocene-age 
sedimentary rocks began due to the breakup of Pangea and associated crustal extension and 
expansion of the seafloor during the Mesozoic (Sawyer et al., 1991). Over 15,000 ft of sediments 
in the study area thicken and gently dip from north to south towards the Gulf of Mexico. The 
deep saline storage reservoirs and caprocks at and near the Cleco site are comprised of Cenozoic-
age sandstone and shale. 
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The site is bordered by the Sabine Uplift, North Louisiana Salt Basin, and La Salle Arch to the 
north and the South Louisiana Salt Basin to the south (Figure 1-3). Other structural elements 
include salt domes in the salt basin regions north and south of the site and the Angelina Caldwell 
Flexure, which extends from central Texas into Louisiana (Dennen and Hackley, 2012). The 
study area is located on the stable shelf north of the Wilcox expanded fault zone, where growth 
faults are present due to the deposition of large volumes of sediment on an unstable shelf margin. 
No regional faults are mapped in the immediate Cleco site location. 


 


Figure 1-3: Map of northern Gulf Coast Basin structural features including basins, uplifts, and other 
structural features. The Cleco Diamond Vault site is denoted by the yellow star in central Louisiana. 


Abbreviations: K, Cretaceous; LK, Lower Cretaceous; LA, Louisiana. Modified from Warwick (2017). 


 


The region has favorable geology for carbon storage in the clastic rocks of the Paleocene- to 
Eocene-age Wilcox Group and the Carrizo Sandstone. The primary storage reservoir identified at 
the Cleco Diamond Vault facility is the Wilcox Group, which is a 3,500-foot-thick sequence of 
clastic rocks with dominate lithologies of sandstone and shale (Carlson and Van Biersel, 2009; 
Warwick, 2017). Storage capacity within the Wilcox Group is found within the pore space of 
coarse-grained, quartz-rich sediments (Dutton et al., 2015). Regionally, the Wilcox Group is 
often divided into two units, which are separated at the base of a regionally extensive shale in the 
upper zone, the Big Shale (Galloway, 1968; Tye, 1991). In this project, the upper Wilcox unit is 
referred to as the Wilcox 1, and the lower Wilcox unit is referred to as the Wilcox 2.  
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The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Carrizo Sandstone and below the Sparta Sandstone. This shale is clay-rich and composed of 
small clay particles that are tightly packed preventing supercritical CO2 flow vertically into 
shallower formations. The Midway Group, the lower confining unit, underlies the Wilcox Group 
and is expected to be at a depth of approximately 7,500 ft below surface at the Cleco Diamond 
Vault site. The stratigraphic column in Figure 1-4 shows the study area’s stratigraphic 
succession, highlighting the primary storage reservoir (Wilcox 2) and the confining unit (Cane 
River). The depth to the top of the Wilcox 2 at the Cleco Diamond Vault site is approximately 
5,600 ft below surface, which meets the depth criteria required to sustain a supercritical phase of 
the injected CO2 at the site. 


Figure 1-4: Stratigraphic column with lithology and hydrostratigraphy for the Cleco Diamond Vault site. 
Estimated depths are based on structural model surfaces at the location of the CLDV-IW5 well.  
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1.2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 


At the Cleco Diamond Vault site location and surrounding area, there is no evidence of 
subsurface faults or structural features that would impact the integrity of the confining zones. 
Thus, there is low containment risk for interference of injected CO2 with the shallower USDWs. 
The deepest USDW at the Cleco Diamond Vault facility is the Oligocene-age Catahoula 
Formation, which is found at an estimated depth of 660 ft in the CLDV-IW5 well. The top of the 
Cane River confining zone is 3,713 ft below surface, which is 2,627 ft below the base of the 
Catahoula Formation in the CLDV-IW5 well. The exact spatial relationship between the 
lowermost USDW and the injection and confining zones will be confirmed during the drilling of 
STW. Additionally, the Cook Mountain Formation, the Jackson Group, and the Vicksburg Group 
serve as secondary confining zones between the primary confining zone and the lowermost 
USDW. The depths of these secondary confining zones in the CLDV-IW5 well are labeled on 
the stratigraphic column in Figure 1-4.  


The formations found in the subsurface of the Cleco Diamond Vault facility are locally 
correlative and laterally extensive across the region. This was evaluated and confirmed through 
regional reports, cross sections and maps, and well and seismic data correlations throughout the 
immediate site location and surrounding area. Regional structure and thickness maps for these 
units and further detail about data types used can be found in Section 1.2.4 Major geologic units 
and their stratigraphic relationships are depicted in the regional cross section shown in Figure 1-
5, where the Cleco Diamond Vault site location is denoted with a yellow star.  
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Figure 1-5: Geologic cross section from west to east Louisiana featuring the structural configuration of 
subsurface strata that contains the target injection zone and caprock, as well as the deepest USDW. 


Modified from Whiteman and Martin, 1984. 


A map of the AoR, existing wells within the AoR, and proposed injection wells is shown above 
in Figure 1-1. The Cleco Diamond Vault facility has a total of 23 shallow groundwater 
monitoring wells on site. These wells are part of an established groundwater monitoring system 
around the various ash and metal ponds in the facility. These wells vary in depth from 50 to 300 
ft and are used to test for various parameters such as pH, conductivity, chloride, sulfate, arsenic, 
among others in shallow groundwater aquifers such as the Carnahan Bayou Aquifer. 
Additionally, an air monitoring program is in place at the Cleco Diamond Vault site.  


1.2.3 Faults and Fractures [40 CFR 146.82(a)(3)(ii)] 


Large faults and their associated fractures have predominantly been identified in the 
northwestern and southern areas of Louisiana (Stevenson and McCulloh, 2001) in the North 
Louisiana Fault Zone and the Wilcox Fault Zone, respectively. However, the stable shelf region 
of central Louisiana is not known to be a heavily faulted area, and no major faults have been 
identified near the site location in Rapides Parish (Figure 1-6). Additionally, regional evaluations 
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confirm the absence of salt domes in the site area, which are typically associated with faults and 
fractures. Therefore, no faults or fractures are expected to impact the integrity of the confining 
zone and the containment of injected CO2 at the site location. This was further evaluated with 
multiple two-dimensional (2D) seismic lines. Three 2D seismic lines were licensed to conduct a 
preliminary assessment of the presence or absence of large-scale faults near the Cleco facility. 
This assessment found no evidence of significant faulting in the study area. This will be 
evaluated in more detail and confirmed by collecting image logs and whole core samples from 
the STW. An example of one of the licensed 2D seismic lines (80-378-185) is shown in Figure 1-
7.  


 


 


Figure 1-6: Map of major faults in Louisiana. The Cleco Diamond Vault site is denoted by the yellow 
star. Modified from Stevenson and McCulloh (2001). 
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Figure 1-7: Example of licensed 2D seismic line (80-378-185) acquired through the study area. 
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1.2.4 Injection and Confining Zone Details [40 CFR 146.82(a)(3)(iii)] 


Confining Zone: Cane River Shale 


The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Wilcox Group and Carrizo Sandstone and below the Sparta Sandstone. In the site location, the 
top of the Cane River is found at depths of -3063to -3550 ft true vertical depth sub-sea (TVDss), 
and the gross thickness ranges between 325 and 355 ft. Depth and thickness across the AoR were 
determined by picking formation tops from digital well log data proximal to the site. These were 
gridded using a convergent interpolation algorithm from Schlumberger's Petrel® and contoured 
in TVDss and all surface maps were quality control checked using the 2D seismic lines. Maps of 
the top structural surface and the thickness of the Cane River are presented in Figure 1-8. 


Injection Interval: Wilcox Sandstone 
For this project, the regionally extensive Wilcox Group was divided into an upper Wilcox 1 and 
lower Wilcox 2 based on the presence of a regional shale called the Big Shale (Galloway, 1968; 
Tye, 1991). In the AoR, the top of the Wilcox 2 injection zone is found at depths between 5,602 
and 7,733 ft below surface, and the gross thickness ranges between 2037 and 2257 ft. Maps of 
the top structural surface and the thickness of the Wilcox 2 are presented in Figure 1-9. At these 
depths, pressure and temperature conditions are high enough to sustain a supercritical phase of 
the injected CO2 at the site. The modest variation in thickness demonstrates no evidence of local 
formation pinch our or faulting that would affect CO2 storage. 


  


 


Figure 1-8: Structural map showing measured depth from the surface to the top of the Cane River (left) 
and Cane River formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 
200 ft and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed 


line indicates the Dynamic Reservoir Model boundary. The white outline indicates Cleco land boundaries. 
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Figure 1-9: Structural map showing measured depth from the surface to the top of the Wilcox 2 (left) and 
Wilcox 2 formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 200 ft 
and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed line 
indicates the Dynamic Reservoir Model boundary. The white outlines indicate Cleco land boundaries. 


Much of the subsurface data analyzed in this study are derived from regional wells with modern 
wireline log data, as well as historical log data from wells proximal to the site. Twenty-five wells 
from across the region were acquired that provided: 1) multiple log types of interest, 2) adequate 
spatial and depth coverage, 3) core analysis data, and 4) checkshot or velocity survey data. Eight 
wells were not used to inform model properties due to poor log data quality, although they were 
able to be used to develop structural surfaces. Of the remaining logs, 17 supplied regional and 
local measurements of in-situ physical rock properties, such as porosity, at depths that captured 
the entirety of the target reservoir and caprock formations. One well with routine core analysis 
data provided two data points in the Carrizo/nine data points in the Wilcox 1/three data points in 
the Wilcox 2. The wireline log and core data are consistent with observations pertaining to depth, 
thickness, lateral extent, and lithology from the three 2-D seismic lines shown in Figure 1-10 and 
discussed further in Section 1.2.3. These datasets enabled the project to interpret crucial 
subsurface information regarding the lithology and quality of the reservoir and caprock and 
calculate rock properties. 


Current interpretations of the injection and confining zones at the Cleco Diamond Vault site will 
be confirmed by routine and advanced datasets acquired from the stratigraphic test well as 
detailed in the Pre-operational Testing Plan. Site-specific geologic core and special core analysis 
will confirm porosity and permeability, mineralogy, capillary pressure, and relative permeability 
as specified by EPA (2012) [40 CFR 146.82(a)(3)(iii)]. Additionally, geomechanical data in the 
storage zone will confirm the maximum injection pressure, rock strength, and in-situ fluid 
pressure as specified by EPA (2012) [40 CFR 146.82(a)(3)(iv)]. 
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Figure 1-10: Map of the wells selected for log data analysis and location of purchased 2D seismic lines. 
The well highlighted in red was used to create a well-tie to tie the seismic time data to depth for 


integration into the model. 


Sediments of the upper Cane River consist of brown clay, and the lower Cane River is composed 
of glauconite and glauconitic marl. At the basal contact of the Cane River and Carrizo, brown 
quartzose sand with minor glauconite is present. Minor constituents include carbonaceous 
minerals in the upper Cane River and fine quartz sand grains (Choung, 1975). An in-depth 
mineralogical assessment of the Cane River is necessary to evaluate the potential effects of 
injected CO2 on its competence as caprock. Data and rock samples collected from the 
stratigraphic test well will be used to confirm that the mineral composition of the Cane River is 
conducive to confining CO2.  


The Wilcox Group is a heterogeneous formation composed of very fine- to coarse-grained 
sandstone with frequent shale interbeds (Dutton et al., 2015).  The sandstones that compose the 
Wilcox Group are abundant in feldspars and lithics and are predominately characterized as 
felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). Figure 1-11 displays a ternary 
diagram of the composition of Wilcox Group samples collected from Louisiana and Texas. 
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Quartz is the most common mineral found in the rocks of the Wilcox Group, with calcite and 
ankerite being the next most prevalent, and numerous other minerals identified in minor volumes 
(Loucks and Dutton, 2019). Cementation (primarily quartz cementation) makes up 10 to 35% of 
the rock volume of the Wilcox Group. As with the Carrizo Sandstone, the prevalence of quartz 
cement in the Wilcox Group has positive implication for CO2 injection, as quartz cemented rocks 
are naturally resistant to the potentially corrosive effects of long-term exposure to injected CO2. 
Table 1-5 summarizes the mineralogical make-up of the Wilcox Group. 


 


 


Figure 1-11: Ternary diagram displaying the compositional make up of rock samples collected from the 
Wilcox Group in Texas and Louisiana (Loucks and Dutton, 2019).  
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Wilcox Group Mineralogy 


Major 
Minerals 


Quartz 
Calcite 
Ankerite 


Minor 
Minerals 


Albite 
Chlorite 
Dolomite 
Glauconite 
Illite 
Illite-Smectite mix 
Kaolinite 
Leucoxene 
Pyrite 
Siderite 
Sphene 


Table 1-5: Mineralogical composition of rock samples collected from the Wilcox Group in Texas and 
Louisiana (Loucks and Dutton, 2019). 


 


Based on the Department of Energy (DOE)-National Energy Technology Laboratory (NETL) 
methods for static volumetric calculations (Levine et. al, 2016), the estimated storage capacity 
for the Wilcox 2 within the AoR is approximately 10.3 MMt of CO2 per mi2. Inputs for 
thickness and porosity were determined by calculating the average net thickness and effective 
porosity values across the AoR for the Wilcox 2 (1265 ft and 11%, respectively). Then, the input 
for the density of CO2 was calculated using the same temperature and pressure gradients as the 
reservoir model, which were applied to the midpoint depth for the Wilcox 2 in the center of the 
AoR (approximately 6400 ft below ground surface). The initial water saturation from relative 
permeability was used, and storage efficiency factors were applied. The same workflow applied 
to the Wilcox 1 results in a storage capacity estimation of approximately 5.5 MMt of CO2 per 
mi2. The Cane River has a low average porosity and permeability of 3.48% and 0.012 mD, 
respectively. The tight, impermeable nature and the lack of faults and fractures in this formation 
indicate that it will serve as an adequate confining zone.  


1.2.5 Geomechanical and Petrophysical Information [40 CFR 146.82(a)(3)(iv)] 


Petrophysical analysis was conducted to integrate available log data in the study area, generate 
the porosity log curves used to populate the static earth model (SEM), and determine the storage 
reservoir properties. The logs compiled as part of the data collection effort, detailed in Section 
1.2.4, were first edited, and normalized as part of the quality control procedure to eliminate 
erroneous data points, correct for varying signal intensities, and establish consistent readings 
between wells. A lithologic log representing the fraction of clay with depth, Vclay, was 
generated and integrated with core data and routine porosity logs to calculate refined porosity 
curves, and subsequently, permeability curves. The permeability log was further refined by rock 
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type after modeling hydraulic facies, or zones of rock that have comparable properties 
controlling fluid flow.  


Additional geomechanical and petrophysical properties will be evaluated and confirmed through 
well tests, wireline logs, and laboratory analyses of core samples from the STW. Geomechanical 
properties of the target and confining zone will be confirmed from minifrac test analysis and 
dipole sonic logs. The geomechanical integrity of the confining zone is confirmed if its fracture 
pressure exceeds the target zone’s. Data will be collected in the STW using wireline logging 
tools such as the dipole sonic to determine elastic rock properties such as Young’s modulus, 
stresses and Poisson’s ratio which will be used as an accuracy check for the minifrac data in case 
of any operational issues during testing.  


1.2.6 Seismic History [40 CFR 146.82(a)(3)(v)] 


The seismic history for the area was characterized using publicly available data from the United 
States Geological Survey (USGS) and the Louisiana Geological Survey (LGS). Louisiana is 
largely a seismically inactive state in which earthquakes have historically occurred with low 
frequency and magnitude. Extensive faulting is present in the northwestern and southern areas of 
Louisiana. However, these faults are primarily growth faults associated with sediment loading 
and are not seismically active. No recorded earthquakes in Louisiana have been definitively 
attributed to any of the mapped fault systems in the state (Stevenson and McCulloh, 2001). Eight 
earthquakes have been recorded in Louisiana in the last 100 years (1923–2023); only two were 
greater than 3.5 M, and none occurred within 80 miles of the project site (Figure 1-12). Of these 
earthquakes, all have occurred at depths of 5 km or greater, apart from one that occurred at a 
shallower depth of 0.4 km. Additionally, one occurred in 1930 in which the depth is unknown 
(USGS, 2023). 


The absence of recorded earthquakes near the Cleco Diamond Vault project site is consistent 
with the regional seismic hazard map published by the USGS (2014), which designates central 
Louisiana as a low-risk area for seismic activity. There is a 2% probability that the level of 
horizontal shaking, or peak ground acceleration (PGA), due to seismic activity will exceed 4 to   
8% of the acceleration due to gravity within 50 years (Figure 1-13). 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 28 of 83 


 


Figure 1-12: Earthquakes in Louisiana greater than or equal to 2.5 magnitude since 1900 (modified from 
USGS, 2023). 
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Figure 1-13: 2014 regional seismic hazard map for Louisiana (USGS, 2014). 


 


1.2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 


To further understand the subsurface underlying the Cleco Diamond Vault site, an assessment of 
the local hydraulic and hydrogeologic conditions was completed. This included a review of the 
hydrostratigraphy, groundwater flow direction, and salinity of shallow and deep aquifers in 
Rapides Parish, Louisiana. This assessment benefited from the work of Griffith (2009), which 
reviewed the hydrogeology, including water quality, of Rapides Parish. This work used a cutoff of 
250 mg/L chloride concentration to determine the freshwater-saltwater interface (as opposed to 
10,000 mg/L total dissolved solids [TDS] cutoff for the lowest USDW interface), as shown in the 
subsequent maps. 


Table 1-6 and Figure1-14 display the shallow subsurface hydrostratigraphy of Rapides Parish, 
Louisiana. Regionally, there are seven aquifers containing freshwater (USDWs) in Rapides 
Parish, as well as three confining units that separate them into four groups (Griffith, 2009). Each 
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of these aquifers occur in rocks composed of clastic sediments of varying sizes (clay, silt, sand, 
gravel) with the sand/sandstone beds of the formations being most amenable to freshwater 
production. The confining layers separating the aquifer systems are composed primarily of clay 
and silt, rendering them impermeable (Griffith, 2009).  


The spatial distribution of these seven aquifers varies throughout the Parish. Locally, there are 
five aquifers present in the subsurface beneath the Cleco project site: the Red River Alluvial, the 
Chicot Aquifer System, the Upland Terrace Aquifer, the Carnahan Bayou Aquifer, and the 
Catahoula Aquifer (Figures 1-15, 1-16, and 1-17). The Red River Alluvial aquifer is a 
predominately freshwater aquifer that extends roughly through the middle of Rapides Parish in a 
northwest to southeast direction. Its depth varies across Rapides Parish, ranging in elevation 
from 0 to 80 ft above the National Geodetic Vertical Datum of 1929 (NGVD), and it is at or near 
its shallowest points near the Cleco Diamond Vault site. Groundwater movement in the Red 
River Alluvial aquifer varies locally, however in general the waters that comprise the aquifer 
generally flow in an eastward direction. The Chicot and Upland Terrace aquifers merge in 
southwestern Rapides Parish and are treated as one large freshwater aquifer. Groundwater flow 
in the Chicot and Upland Terrace Aquifers is complex and flows in multiple directions 
throughout the Parish, generally in the direction of a nearby surface water stream. Considerable 
variation exists in altitude of the Chicot and Upland Terrance aquifers, as it varies in elevation 
from 80 ft above to 40 ft below NGVD and is about 40 ft above NGVD near the Cleco Diamond 
Vault site. The Carnahan Bayou Aquifer is the most extensive of the six regional aquifers, 
encompassing all of Rapides Parish. Water quality varies considerably in the Carnahan Bayou 
Aquifer, with most of the aquifer being comprised of saltwater or mixed saltwater and 
freshwater. Despite this, a significant portion of the Carnahan Bayou aquifer contains freshwater, 
notably in northern Rapides Parish. The surface of the Carnahan Bayou aquifer ranges in 
elevation from roughly 100 ft above NGVD to 200 ft below NGVD and is locally approximately 
0 ft above NGVD near the Cleco site. Groundwater flow in the Carnahan Bayou aquifer is 
related to groundwater withdrawal and usage and trends towards the cities of Alexandria and 
Pineville and the Kisatchie well field.  
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Figure 1-14: Hydrogeologic stratigraphic cross section of Rapides Parish, LA  
(modified from Griffith, 2009) 
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Figure 1-15: Map displaying the spatial extent and general direction of groundwater flow of the Red River Alluvial Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-16:  Map displaying the spatial extent and general direction of groundwater flow of the Chicot Aquifer in Rapides, Parish LA (modified 
from Griffith, 2009). 
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Figure 1-17:  Map displaying the spatial extent and general direction of groundwater flow of the Carnahan Bayou Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-18: Total dissolved solids (salinity) concentration map for the Carrizo Sandstone and Wilcox Group in Louisiana (modified from 


Pettijohn et. al, 1988). Colors indicate TDS concentrations. The Cleco study area, highlighted by the yellow star, has TDS concentrations of 
approximately 70,000 mg/L for the Carrizo and Wilcox. 
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In addition to reviewing shallow subsurface freshwater aquifers in Rapides Parish, it was also 
necessary to review the salinity levels of the potential saline reservoir injection targets. Saline 
reservoirs in Louisiana were researched by Pettijohn et al. (1988) in their work focusing on the 
aquifers and hydrogeology of the Tertiary System in the Gulf of Mexico Coastal Plain. This 
work included the creation of a map detailing the salinity of the reservoirs within the Wilcox and 
Claiborne Groups. This map indicates the salinity of these units becomes increasingly saline 
towards the southern portions of Louisiana, as well as with increasing depth, with the Carrizo 
and Wilcox mapped as having TDS values of approximately 70,000 parts per million (ppm) 
(Figure 1-18). Additional to this map, salinity calculations were derived from well logs in the 
immediate vicinity of the Cleco property to confirm TDS values found in literature (Figure 1-
19). These maps, along with well log calculated salinity, support that water in the target storage 
formations is sufficiently saline in the study area to permit CO2 storage projects. 


Local log data shows a range of salinities, which is likely due to the vintage of the resistivity logs 
(Figure 1-19) and thus likely a measurement error. However, all wells show salinities 
significantly greater than 10,000 ppm for each injection zone, which is the regulatory lower 
limit. Calculated salinity values are consistent with regional literature (Carlson and Van Biersel, 
2009; Pettijohn et al, 1988). These apparent water resistivity (Rwa)-derived salinity values 
should be considered a minimum salinity. Local mapping of greater than 70,000 ppm is highly 
likely for each zone. 
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Figure 1-19: Calculated log salinity of the Wilcox 2 in the area in thousands of ppm,  
colored by unique well. 


 


1.2.8 Geochemistry [40 CFR 146.82(a)(6)] 


Regional geochemical data provide insights into the reservoir water salinity (TDS) of the Carrizo 
Formation, Wilcox Group, and multiple overlying USDWs at the project site. However, site 
specific geochemistry data are not currently available due to a lack of subsurface water samples. 
The acquisition of these data will be completed during the installation of an onsite STW. Water 
samples will be collected for aqueous and solid-phase geochemical data through analysis of 
major cations and anions, trace metals, and general geochemical properties (i.e., pH, TDS, 
alkalinity, etc.). These analyses will be used to determine: 


• The deepest USDW at the project site 
• Baseline geochemical data for the project site that can be used to evaluate the migration    
       of CO2 and brine waters at the site 
• Current geochemical equilibrium conditions to evaluate the saturation relationship  
       between the dissolved and solid-phase minerals at the site   
• Geochemical reactions that may occur from the injection of CO2 
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The analysis of onsite geochemical properties in the subsurface reservoirs above and within the 
injection zones will confirm the intervals identified for CO2 storage meet the criteria outlined for 
Class VI permit approval. 


1.2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 


No surface air and/or soil gas data were collected at the Cleco site location.  


1.2.10 Site Suitability [40 CFR 146.83] 


An extensive set of subsurface data have been analyzed at the Cleco Diamond Vault site to 
support the evaluation of site suitability. The integration of well logs, 2D seismic, and regional 
maps and cross sections confirm the lateral extent of the target reservoir and confining zone, as 
well as the absence of faulting and structural features at the site location and surrounding area 
that would impact the integrity of the confining zone. Therefore, the containment risk is low, and 
no secondary confinement zone is necessary for USDW protection. Additional well and rock 
data collected from a site characterization well will provide further geomechanical data to 
support the integrity of the confining zone.  


The Cleco Diamond Vault site location is also suitable for CO2 sequestration due to its favorable 
target reservoir lithologies. The Wilcox 1 and 2 are composed of sandstones with interbedded 
shales.  The sandstones have a predominantly felspathic and lithic mineralogy and are 
categorized as felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). The most 
common mineral in the sandstones of the Wilcox 1 and 2 is quartz followed by calcite and 
ankerite, as well as numerous accessory minerals present in minor volumes (Loucks and Dutton, 
2019). Additionally, quartz cementation makes up 10 to 35% of the rock volume of the Wilcox 1 
and 2. The prevalence of quartz cement has positive implications for CO2 injection because 
quartz-cemented rocks are naturally resistant to the potentially corrosive effects of long-term 
exposure to injected CO2. Furthermore, although neither the CO2 stream nor formation waters 
are expected to be highly corrosive, the injection well materials that come in contact with the 
CO2 stream and/or reservoir brines will be constructed of corrosion-resistant materials, such as 
13CR steel, or similar. For example, the casing string across the Wilcox 1 and 2, the packer, and 
deep portion of the tubing with be constructed with corrosion-resistant materials.   


 
 


 
 


 
 


The target reservoirs for injection (Wilcox 1 and 2) are fluvial deltaic in origin. Their resulting 
geometries are influenced by the orientation of the main sediment source during deposition, 
which ultimately influences the direction of plume migration for the injected CO2. The main 
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sediment source during Wilcox deposition was the Holly Springs Delta. This had a north-
northeast orientation and later migrated eastward. The geometries were integrated into the SEM 
to provide depositionally-informed anisotropy, which resulted in north and north-east trending 
channel bodies. This orientation and geometry, as well as a subtle southern depositional dip, will 
influence the resulting plume shape and migration during injection (Figure 1-20). 


 


Figure 1-20: Environment of deposition property for each injection zone showing fluvial-dominated 
environments in the Wilcox 1, and Wilcox 2. View is of the top layer of each zone. 


 


1.3 Permit Section 2.0: AoR and Corrective Action  


The AoR and Corrective Action Plan are submitted to meet the requirements of Plan 40 CFR 
146.82(a)(13), 146.84(b) and 40 CFR 146.84(c). 


The plan describes the computational modeling approach and results. The objective of the 
computational modeling is to track the CO2 plume size and shape, area of pressure buildup, and 
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determine an AoR for CO2 injection at the Cleco Diamond Vault project site. The SEM is a 
three-dimensional (3D) geocellular model that represents the porosity and permeability of 
different stratigraphic formations, most notably, the intended CO2 storage formation and 
overlying confining layer. This type of model was selected as it offers the best options for 
quantifying, representing, and visualizing the subsurface geologic interpretations for the site. The 
purpose of this model is to represent available pore volume and enable the estimation of CO2 
storage capacity. Primarily, this geologic model serves as the framework (in terms of delineating 
zones, surfaces, permeability, and porosity) for computational modeling of CO2 injection.  


The computational modeling to simulate CO2 injection into the saline aquifer was performed 
using a 3D multiphase flow simulator CMG-GEM 2016 version (CMG-GEM, 2016). In addition 
to the geological framework imported from the SEM, additional parameters, such as relative 
permeability data, initial conditions, phase behavior model, and well and perforation parameters, 
were added to the computational model to complete the dynamic modeling. CMG-GEM is an 
equation-of-state based compositional simulator that models the phase behavior of brine and CO2 
plumes during the injection and post-injection phases of a project. Multiple phases were 
accounted for in the computational model including aqueous, gas, and supercritical phases.  


Modeling multiphase flow processes in porous media, with all components as described above, 
enables: 


• Estimation of pressure buildup in the storage formation – confining layer system  


• CO2 phase behavior at storage reservoir condition  


• CO2 saturation to determine plume extent in the storage formation (Wilcox 2 Sandstone)  


• Ensure confining layer sealing capabilities  


The estimated CO2 saturation map and pressure buildup from modeling multiphase flow 
processes will predict CO2 movement during the injection and post injection periods and 
delineate the AoR. 
  


1.4 Permit Section 3.0: Financial Responsibility  


The Financial Responsibility Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(14) and 146.85.  


1.5 Permit Section 4.0: Injection Well Construction  


1.5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 


No completion stimulation is planned at this time because the reservoir quality is expected to be 
adequate for the planned injection volumes. 
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1.5.2 Construction Procedures [40 CFR 146.2(a)(12)] 


A newly drilled injection well (CLDV-IW5) will be constructed at the Cleco Diamond Vault 
facility near Boyce, Louisiana, to meet the requirements of 40 CFR 146.86.  


1.5.3  Casing and Cementing 


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor, surface, and 
intermediate casing sections will all be carbon steel. The deep casing string will be constructed 
with corrosion-resistant chrome (13CR) across the reservoir and caprock to total depth (TD) and 
carbon steel from above the caprock to surface. This section of the wellbore is expected to have 
intermittent exposure to CO2-formation water mixed fluids especially in the initial phases of 
injection and intermittently when well workovers are performed throughout the life of the 
project. Although the expected water content of the injectate stream will be less than 50 ppm, the 
injection tubing string and flow-wetted injection tree components will be composed of corrosion-
resistant materials.  


Table 1-7 summarizes the casing program for the injection well and Table 1-8 summarizes the 
cement program. All casing strings will be cemented to surface and any changes to the final well 
design will be discussed with the UIC Director or representative.   


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW. 


Table 1-7: Casing details. 
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Table 1-8: Cement program for the CO2 injection well. 


After the well has been completed, a cement bond log – variable density log (CBL-VDL) and 
advanced ultrasonic cement evaluation log will be run of the entire depth of the long casing 
string shortly after completion of the injection well to confirm that the casing string was properly 
cemented. A baseline temperature measurement will also be acquired from surface to TD to 
provide initial temperature conditions over the well.  


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 pounds per gallon (ppg).  Final choice of 
the type of fluid will depend on availability and wellbore conditions. 


1.6 Permit Section 5.0: Pre-Operational Logging and Testing  


The Pre-Operational Logging and Testing Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(8) and 40 CFR 146.87. 


This plan describes the pre-operational formation testing program implemented to characterize 
the chemical and physical features of the injection zone and confining zone at the Cleco 
Diamond Vault Project. The data set from STW will form the base of the pre-operational data 
set. A thorough logging and testing plan will be completed including wireline logging, side wall 
cores and whole core, fluid sampling and injection testing.   


1.7 Permit Section 6.0: Well Operations 


1.7.1 Operational Procedures [40 CFR 146.82(a)(10)] 


This section describes the source of the CO2 that will be delivered to the storage site, its chemical 
and physical properties, flow rate, and the anticipated pressure and temperature of the CO2 at the 
pipeline outlet. In addition, this section provides the monitoring that will be performed on the 
injection well to confirm that it does not provide a conduit from the storage formation to above 
confining zone water sources, USDW sources, or the surface. 
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baseline dataset. Once the injection phase commences, samples of the CO2 injection stream will 
be collected from the CO2 delivery pipeline for analysis every three months.  


1.8 Permit Section 7.0: Testing and Monitoring 


The Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.82(a)(15) and 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with CO2 injection into the subsurface. Goals of the 
monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting USDWs 
• Ensuring that the injection well is operating as planned 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support AoR re-evaluations over the course of the project 


The Testing and Monitoring Plan will be adaptive over time in that the plan can be adjusted to 
respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 1-1 illustrates the modeled AoR over the 12-year injection period.  


The Testing and Monitoring Plan will outline several direct and indirect technologies used 
throughout the injection and PISC phases of the project that will monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest and the deepest water-


bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan (Permit Section 6.0). Table 1-11 summarizes 
the proposed testing and monitoring plan for the project.  
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The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)).  


Pressure fall-off tests (PFOs) will be conducted in the injection formation in the injection well 
when they are drilled to establish the hydrogeologic characteristics of the storage formation (Pre-
Operational Testing Plan, Permit Section 5). During the injection phase of the project, a PFO will 
be conducted in the injection well at least once every five years.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). The shallow 
groundwater monitoring program will consist of a network of wells within the AoR. 
Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
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pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation. A robust deterministic seismic forward modeling project will be undertaken to 
demonstrate that this technique can successfully detect subsurface changes associated with CO2 
injection at this site (Section 7.8.5). 


Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 
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1.9 Permit Section 8.0: Injection Well Plugging 


The Injection Well Plugging Plan describes how Cleco Power, LLC will plug the injection well 
pursuant to 40 CFR 146.82(a)(16) and 146.92.  


A Notice of Intent to plug the well will be submitted to the EPA at least 60 days prior to the 
plugging operations (40 CFR 146.92 (c)). After the project has verified that there are no external 
well integrity issues, the well will be flushed with buffer fluid to remove any fluids or 
particulates that may be present in the well. The injection well casing will be plugged with 
cement to ensure that it does not provide a conduit outside the injection zone. Table 1-11 shows 
the intervals that will be plugged as well as the materials and methods that will be used to plug 
the intervals.  


Table 1-11: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
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1.10 Permit Section 9.0: Post-Injection Site Care (PISC) and Site Closure 


The PISC and Site Closure Plan describes the activities that Cleco Power, LLC will perform to 
meet the requirements of 40 CFR 146.82(a)(18) and 146.93(c). 


Cleco Power, LLC will monitor groundwater quality and track the position of the CO2 plume and 
pressure front for 10 years after the cessation of injection, which is the anticipated timeline for 
CO2 plume and pressure front stabilization.  


Based on the modeling of the pressure front as part of the AoR delineation, pressure at the 
injection well is expected to decrease to pre-injection levels in less than 10 years. Additional 
information on the projected post-injection pressure declines and differentials is presented in the 
permit application and the AoR and Corrective Action Plan (Permit Section 2.0). 


1.11 Permit Section 10.0: Emergency and Remedial Response  


The Emergency and Remedial Response Plan (ERRP) is submitted to meet the requirements of 
Plan 40 CFR 146.82(a)(19) and 146.94(a). 


The ERRP provides actions that Cleco Power, LLC will take in the event of an emergency and to 
address movement of CO2 or formation fluid that may endanger an USDW during the 
construction, operation, or PISC periods. 


If evidence indicates that the injected CO2 stream, formation fluids, and/or associated pressure 
front may cause an endangerment to a USDW, the following actions must be performed: 


1. Initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release or migration. 
3. Notify the permitting agency/UIC of the emergency event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 
Cleco Power, LLC will immediately cease injection. However, in some circumstances, Cleco 
Power, LLC will, in consultation with the UIC Director, determine if a gradual cessation of 
injection is appropriate. If a non-emergency shutdown of the CO2 injection system is required, 
the operator will complete the shutdown in a stepwise approach to prevent over-pressure 
situations and/or damage to the equipment.  Efforts will also be made to maintain the CO2 in the 
injection stream in a supercritical phase to prevent special operations during the restart of the 


Sensitive, Confidential, or Privileged Information







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 52 of 83 


system.  Also, override of certain relays may be required to properly and safely shutdown the 
system. 


1.12 Injection Depth Waiver and Aquifer Exemption Expansion 


Cleco Power, LLC is not applying for a depth waiver or an aquifer exemption. 


1.13 Other Information – Environmental Justice Baseline Analysis 


Cleco Power, LLC have completed an Environmental Justice Baseline Analysis for the Cleco 
Diamond Vault Project. The report is included in Appendix A. 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are included in Appendix B. 
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Appendix A – Environmental Justice Baseline Analysis 


 


 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 54 of 83 


 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 55 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 56 of 83 


 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 57 of 83 


 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 58 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 59 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 60 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 61 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 62 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 63 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 64 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 65 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 66 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 67 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 68 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 69 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 70 of 83 


 


 











 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 72 of 83 


 















 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 75 of 83 


ATTACHMENT


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 76 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 77 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 78 of 83 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 79 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 80 of 83 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 81 of 83 


Appendix B – The “IT Decision” – Response to Five Questions 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are as follows: 


1. Have the potential and real adverse environmental effects of the proposed facility been 
avoided to the maximum extent possible? 


2. Does a cost benefit analysis of the environmental impact costs balanced against the social 
and economic benefits of the proposed facility demonstrate that the latter outweighs the 
former? 


3. Are there alternative projects which would offer more protection to the environment than 
the proposed facility without unduly curtailing non-environmental benefits? 


4. Are there alternative sites which would offer more protection than the proposed facility 
site without unduly curtailing non-environmental benefits? 


5. Are there mitigating measures which would offer more protection to the environment 
than the facility as proposed, without unduly curtailing non-environmental benefits? 


These questions and requirements will be resolved in detail. Thoughtful answers to these 
questions are being developed in conjunction with an air permit by Cleco’s environmental 
consultant. Upon completion, this information will be added to future revisions of this permit.   
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1.0 Project Narrative 


1.1 Project Background and Contact Information 


Cleco Power, LLC’s primary goal of the Cleco Diamond Vault Project is to capture and 
sequester carbon dioxide (CO2) near Boyce, Rapides Parish, Louisiana. The project is planned as 
a multi injection well facility with six injection wells being proposed. Three well pads will each 
host two injection wells targeting different injection formations: the Wilcox 1 and the Wilcox 2. 
Each well will be drilled from a land-based location and have an S-shaped trajectory, returning 
vertically above the confining layer with injection zones under Lake Rodemacher. 


In compliance with Environmental Protection Agency (EPA) Underground Injection Control 
(UIC) Class VI regulations, each injection well will be permitted separately. 


This document (and associated sections) forms the Class VI application for injection well 
CLDR-IW6.  


An overview of the project site is presented in Figure 1-1 which shows the location of the six 
proposed injection wells relative to Lake Rodemacher and local infrastructure. The Area of 
Review (AoR) for the project is also shown. This AoR encompasses the combined pressure front 
at the end of injection from all injection wells. 


Figure 1-2 shows the eastern well pad with CLDV-IW6 (the subject injection well of this permit 
application), highlighted. 


The data used in the preparation of this permit application are based on extensive regionally 
available sources. It is anticipated that this information will be updated with data acquired from a 
stratigraphic test well (STW). The STW will be centrally located within the AoR and will be 
drilled to reduce uncertainty in the characterization of the geomechanical and hydrogeological 
subsurface at the project site. Extensive wireline logging, coring, fluid sampling, and formation 
hydrogeologic testing will be performed. These data will be incorporated into the static earth 
model and dynamic models (Permit Section 2) from which the AoR is derived. 
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Figure 1-1: Cleco Diamond Vault Project showing proposed location of six injection wells, AoR, and 
local infrastructure. 
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Figure 1-2: Map view of eastern well pad showing location of CLDV-IW6. 
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1.1.5 Injection Depth Waiver or Aquifer Exemption Requested 


No injection depth waiver or aquifer expansion being sought as a part of this permit application. 


1.1.6 Other Administrative Information 


Table 1-4 provides the administrative information for this Class VI injection well permit 
application as required by 40 CFR 144.31(e)(1 through 6).  


Table 1-4: General Class VI CO2 injection well permit application information. 


1.2 Site Characterization 


1.2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 
146.82(a)(3)(vi)] 


The Cleco Diamond Vault facility is located northwest of the town of Boyce in Rapides Parish, 
Louisiana. The facility sits within the Western Gulf Coastal Plain in central Louisiana on the 
northern flank of the Gulf Coast Basin and at the southern end of the Mississippi Embayment 
(Figure 1-3). This region has favorable geology for carbon storage in porous and permeable deep 
saline formations interstratified with low porosity and low permeability caprocks. In the Gulf of 
Mexico Basin and throughout the Gulf Coast, deposition of Jurassic to Holocene-age 
sedimentary rocks began due to the breakup of Pangea and associated crustal extension and 
expansion of the seafloor during the Mesozoic (Sawyer et al., 1991). Over 15,000 ft of sediments 
in the study area thicken and gently dip from north to south towards the Gulf of Mexico. The 
deep saline storage reservoirs and caprocks at and near the Cleco site are comprised of Cenozoic-
age sandstone and shale. 
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The site is bordered by the Sabine Uplift, North Louisiana Salt Basin, and La Salle Arch to the 
north and the South Louisiana Salt Basin to the south (Figure 1-3). Other structural elements 
include salt domes in the salt basin regions north and south of the site and the Angelina Caldwell 
Flexure, which extends from central Texas into Louisiana (Dennen and Hackley, 2012). The 
study area is located on the stable shelf north of the Wilcox expanded fault zone, where growth 
faults are present due to the deposition of large volumes of sediment on an unstable shelf margin. 
No regional faults are mapped in the immediate Cleco site location. 


 


Figure 1-3: Map of northern Gulf Coast Basin structural features including basins, uplifts, and other 
structural features. The Cleco Diamond Vault site is denoted by the yellow star in central Louisiana. 


Abbreviations: K, Cretaceous; LK, Lower Cretaceous; LA, Louisiana. Modified from Warwick (2017). 


 


The region has favorable geology for carbon storage in the clastic rocks of the Paleocene- to 
Eocene-age Wilcox Group and the Carrizo Sandstone. The primary storage reservoir identified at 
the Cleco Diamond Vault facility is the Wilcox Group, which is a 3,500-foot-thick sequence of 
clastic rocks with dominate lithologies of sandstone and shale (Carlson and Van Biersel, 2009; 
Warwick, 2017). Storage capacity within the Wilcox Group is found within the pore space of 
coarse-grained, quartz-rich sediments (Dutton et al., 2015). Regionally, the Wilcox Group is 
often divided into two units, which are separated at the base of a regionally extensive shale in the 
upper zone, the Big Shale (Galloway, 1968; Tye, 1991). In this project, the upper Wilcox unit is 
referred to as the Wilcox 1, and the lower Wilcox unit is referred to as the Wilcox 2.  
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1.2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 


At the Cleco Diamond Vault site location and surrounding area, there is no evidence of 
subsurface faults or structural features that would impact the integrity of the confining zones. 
Thus, there is low containment risk for interference of injected CO2 with the shallower USDWs. 
The deepest USDW at the Cleco Diamond Vault facility is the Oligocene-age Catahoula 
Formation, which is found at an estimated depth of 660 ft in the CLDV-IW6 well. The top of the 
Cane River confining zone is 3,713 ft below surface, which is 2,627 ft below the base of the 
Catahoula Formation in the CLDV-IW6 well. The exact spatial relationship between the 
lowermost USDW and the injection and confining zones will be confirmed during the drilling of 
STW. Additionally, the Cook Mountain Formation, the Jackson Group, and the Vicksburg Group 
serve as secondary confining zones between the primary confining zone and the lowermost 
USDW. The depths of these secondary confining zones in the CLDV-IW6 well are labeled on 
the stratigraphic column in Figure 1-4.  


The formations found in the subsurface of the Cleco Diamond Vault facility are locally 
correlative and laterally extensive across the region. This was evaluated and confirmed through 
regional reports, cross sections and maps, and well and seismic data correlations throughout the 
immediate site location and surrounding area. Regional structure and thickness maps for these 
units and further detail about data types used can be found in Section 1.2.4. Major geologic units 
and their stratigraphic relationships are depicted in the regional cross section shown in Figure 1-
5, where the Cleco Diamond Vault site location is denoted with a yellow star.  
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Figure 1-5: Geologic cross section from west to east Louisiana featuring the structural configuration of 
subsurface strata that contains the target injection zone and caprock, as well as the deepest USDW. 


Modified from Whiteman and Martin, 1984. 


A map of the AoR, existing wells within the AoR, and proposed injection wells is shown above 
in Figure 1-1. The Cleco Diamond Vault facility has a total of 23 shallow groundwater 
monitoring wells on site. These wells are part of an established groundwater monitoring system 
around the various ash and metal ponds in the facility. These wells vary in depth from 50 to 300 
ft and are used to test for various parameters such as pH, conductivity, chloride, sulfate, arsenic, 
among others in shallow groundwater aquifers such as the Carnahan Bayou Aquifer. 
Additionally, an air monitoring program is in place at the Cleco Diamond Vault site.  


1.2.3 Faults and Fractures [40 CFR 146.82(a)(3)(ii)] 


Large faults and their associated fractures have predominantly been identified in the 
northwestern and southern areas of Louisiana (Stevenson and McCulloh 2001) in the North 
Louisiana Fault Zone and the Wilcox Fault Zone, respectively. However, the stable shelf region 
of central Louisiana is not known to be a heavily faulted area, and no major faults have been 
identified near the site location in Rapides Parish (Figure 1-6). Additionally, regional evaluations 
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confirm the absence of salt domes in the site area, which are typically associated with faults and 
fractures. Therefore, no faults or fractures are expected to impact the integrity of the confining 
zone and the containment of injected CO2 at the site location. This was further evaluated with 
multiple two-dimensional (2D) seismic lines. Three 2D seismic lines were licensed to conduct a 
preliminary assessment of the presence or absence of large-scale faults near the Cleco facility. 
This assessment found no evidence of significant faulting in the study area. This will be 
evaluated in more detail and confirmed by collecting image logs and whole core samples from 
the STW. An example of one of the licensed 2D seismic lines (80-378-185) is shown in Figure 1-
7.  


 


 


 


Figure 1-6: Map of major faults in Louisiana. The Cleco Diamond Vault site is denoted by the yellow 
star. Modified from Stevenson and McCulloh (2001). 
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Figure 1-7: Example of licensed 2D seismic line (80-378-185) acquired through the study area;
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1.2.4 Injection and Confining Zone Details [40 CFR 146.82(a)(3)(iii)] 


Confining Zone: Cane River Shale 


The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Wilcox Group and Carrizo Sandstone and below the Sparta Sandstone. In the site location, the 
top of the Cane River is found at depths of -3063to -3550 ft true vertical depth sub-sea (TVDss), 
and the gross thickness ranges between 325 and 355 ft. Depth and thickness across the AoR were 
determined by picking formation tops from digital well log data proximal to the site. These were 
gridded using a convergent interpolation algorithm from Schlumberger's Petrel® and contoured 
in TVDss and all surface maps were quality control checked using the 2D seismic lines. Maps of 
the top structural surface and the thickness of the Cane River are presented in Figure 1-8. 


Injection Interval: Wilcox Sandstone 
For this project, the regionally extensive Wilcox Group was divided into an upper Wilcox 1 and 
lower Wilcox 2 based on the presence of a regional shale called the Big Shale (Galloway, 1968; 
Tye, 1991). In the AoR, the top of the Wilcox 2 injection zone is found at depths between 5,602 
and 7,733 ft below surface, and the gross thickness ranges between 2037 and 2257 ft. Maps of 
the top structural surface and the thickness of the Wilcox 2 are presented in Figure 1-9. At these 
depths, pressure and temperature conditions are high enough to sustain a supercritical phase of 
the injected CO2 at the site. The modest variation in thickness demonstrates no evidence of local 
formation pinch our or faulting that would affect CO2 storage. 


   


 


Figure 1-8: Structural map showing measured depth from the surface to the top of the Cane River (left) 
and Cane River formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 
200 ft and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed 


line indicates the Dynamic Reservoir Model boundary. The white outline indicates Cleco land boundaries. 
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Figure 1-9: Structural map showing measured depth from the surface to the top of the Wilcox 2 (left) and 
Wilcox 2 formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 200 ft 
and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed line 
indicates the Dynamic Reservoir Model boundary. The white outlines indicate Cleco land boundaries. 


Much of the subsurface data analyzed in this study are derived from regional wells with modern 
wireline log data, as well as historical log data from wells proximal to the site. Twenty-five wells 
from across the region were acquired that provided: 1) multiple log types of interest, 2) adequate 
spatial and depth coverage, 3) core analysis data, and 4) checkshot or velocity survey data. Eight 
wells were not used to inform model properties due to poor log data quality, although they were 
able to be used to develop structural surfaces. Of the remaining logs, 17 supplied regional and 
local measurements of in-situ physical rock properties, such as porosity, at depths that captured 
the entirety of the target reservoir and caprock formations. One well with routine core analysis 
data provided two data points in the Carrizo/nine data points in the Wilcox 1/three data points in 
the Wilcox 2. The wireline log and core data are consistent with observations pertaining to depth, 
thickness, lateral extent, and lithology from the three 2-D seismic lines shown in Figure 1-10 and 
discussed further in Section 1.2.3. These datasets enabled the project to interpret crucial 
subsurface information regarding the lithology and quality of the reservoir and caprock and 
calculate rock properties. 


Current interpretations of the injection and confining zones at the Cleco Diamond Vault site will 
be confirmed by routine and advanced datasets acquired from the stratigraphic test well as 
detailed in the Pre-operational Testing Plan. Site-specific geologic core and special core analysis 
will confirm porosity and permeability, mineralogy, capillary pressure, and relative permeability 
as specified by EPA (2012) [40 CFR 146.82(a)(3)(iii)]. Additionally, geomechanical data in the 
storage zone will confirm the maximum injection pressure, rock strength, and in-situ fluid 
pressure as specified by EPA (2012) [40 CFR 146.82(a)(3)(iv)]. 
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Figure 1-10: Map of the wells selected for log data analysis and location of purchased 2D seismic lines. 
The well highlighted in red was used to create a well-tie to tie the seismic time data to depth for 


integration into the model. 


Sediments of the upper Cane River consist of brown clay, and the lower Cane River is composed 
of glauconite and glauconitic marl. At the basal contact of the Cane River and Carrizo, brown 
quartzose sand with minor glauconite is present. Minor constituents include carbonaceous 
minerals in the upper Cane River and fine quartz sand grains (Choung, 1975). An in-depth 
mineralogical assessment of the Cane River is necessary to evaluate the potential effects of 
injected CO2 on its competence as caprock. Data and rock samples collected from the 
stratigraphic test well will be used to confirm that the mineral composition of the Cane River is 
conducive to confining CO2.  


The Wilcox Group is a heterogeneous formation composed of very fine- to coarse-grained 
sandstone with frequent shale interbeds (Dutton et.al, 2015).  The sandstones that compose the 
Wilcox Group are abundant in feldspars and lithics and are predominately characterized as 
felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). Figure 1-11 displays a ternary 
diagram of the composition of Wilcox Group samples collected from Louisiana and Texas. 
Quartz is the most common mineral found in the rocks of the Wilcox Group, with calcite and 
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ankerite being the next most prevalent, and numerous other minerals identified in minor volumes 
(Loucks and Dutton, 2019). Cementation (primarily quartz cementation) makes up 10 to 35% of 
the rock volume of the Wilcox Group. As with the Carrizo Sandstone, the prevalence of quartz 
cement in the Wilcox Group has positive implication for CO2 injection, as quartz cemented rocks 
are naturally resistant to the potentially corrosive effects of long-term exposure to injected CO2. 
Table 1-5 summarizes the mineralogical make-up of the Wilcox Group. 


 


 


Figure 1-11: Ternary diagram displaying the compositional make up of rock samples collected from the 
Wilcox Group in Texas and Louisiana (Loucks and Dutton, 2019).  
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Wilcox Group Mineralogy 


Major 
Minerals 


Quartz 
Calcite 
Ankerite 


Minor 
Minerals 


Albite 
Chlorite 
Dolomite 
Glauconite 
Illite 
Illite-Smectite mix 
Kaolinite 
Leucoxene 
Pyrite 
Siderite 
Sphene 


Table 1-5: Mineralogical composition of rock samples collected from the Wilcox Group in Texas and 
Louisiana (Loucks and Dutton, 2019). 


 


Based on the Department of Energy (DOE)-National Energy Technology Laboratory (NETL) 
methods for static volumetric calculations (Levine et. al, 2016), the estimated storage capacity 
for the Wilcox 2 within the AoR is approximately 10.3 MMt of CO2 per mi2. Inputs for 
thickness and porosity were determined by calculating the average net thickness and effective 
porosity values across the AoR for the Wilcox 2 (1265 ft and 11%, respectively). Then, the input 
for the density of CO2 was calculated using the same temperature and pressure gradients as the 
reservoir model, which were applied to the midpoint depth for the Wilcox 2 in the center of the 
AoR (approximately 6400 ft below ground surface). The initial water saturation from relative 
permeability was used, and storage efficiency factors were applied. The same workflow applied 
to the Wilcox 1 results in a storage capacity estimation of approximately 5.5 MMt of CO2 per 
mi2. The Cane River has a low average porosity and permeability of 3.48% and 0.012 mD, 
respectively. The tight, impermeable nature and the lack of faults and fractures in this formation 
indicate that it will serve as an adequate confining zone.  


1.2.5 Geomechanical and Petrophysical Information [40 CFR 146.82(a)(3)(iv)] 


Petrophysical analysis was conducted to integrate available log data in the study area, generate 
the porosity log curves used to populate the static earth model (SEM), and determine the storage 
reservoir properties. The logs compiled as part of the data collection effort, detailed in Section 
1.2.4, were first edited, and normalized as part of the quality control procedure to eliminate 
erroneous data points, correct for varying signal intensities, and establish consistent readings 
between wells. A lithologic log representing the fraction of clay with depth, Vclay, was 
generated and integrated with core data and routine porosity logs to calculate refined porosity 
curves, and subsequently, permeability curves. The permeability log was further refined by rock 
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type after modeling hydraulic facies, or zones of rock that have comparable properties 
controlling fluid flow.  


Additional geomechanical and petrophysical properties will be evaluated and confirmed through 
well tests, wireline logs, and laboratory analyses of core samples from the STW. Geomechanical 
properties of the target and confining zone will be confirmed from minifrac test analysis and 
dipole sonic logs. The geomechanical integrity of the confining zone is confirmed if its fracture 
pressure exceeds the target zone’s. Data will be collected in the STW using wireline logging 
tools such as the dipole sonic to determine elastic rock properties such as Young’s modulus, 
stresses and Poisson’s ratio which will be used as an accuracy check for the minifrac data in case 
of any operational issues during testing.   


1.2.6 Seismic History [40 CFR 146.82(a)(3)(v)] 


The seismic history for the area was characterized using publicly available data from the United 
States Geological Survey (USGS) and the Louisiana Geological Survey (LGS). Louisiana is 
largely a seismically inactive state in which earthquakes have historically occurred with low 
frequency and magnitude. Extensive faulting is present in the northwestern and southern areas of 
Louisiana. However, these faults are primarily growth faults associated with sediment loading 
and are not seismically active. No recorded earthquakes in Louisiana have been definitively 
attributed to any of the mapped fault systems in the state (Stevenson and McCulloh, 2001). Eight 
earthquakes have been recorded in Louisiana in the last 100 years (1923–2023); only two were 
greater than 3.5 M, and none occurred within 80 miles of the project site (Figure 1-12). Of these 
earthquakes, all have occurred at depths of 5 km or greater, apart from one that occurred at a 
shallower depth of 0.4 km. Additionally, one occurred in 1930 in which the depth is unknown 
(USGS, 2023). 


The absence of recorded earthquakes near the Cleco Diamond Vault project site is consistent 
with the regional seismic hazard map published by the USGS (2014), which designates central 
Louisiana as a low-risk area for seismic activity. There is a 2% probability that the level of 
horizontal shaking, or peak ground acceleration (PGA), due to seismic activity will exceed 4–8% 
of the acceleration due to gravity within 50 years (Figure 1-13). 
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Figure 1-12: Earthquakes in Louisiana greater than or equal to 2.5 magnitude since 1900 (modified from 
USGS, 2023). 
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Figure 1-13: 2014 regional seismic hazard map for Louisiana (USGS, 2014). 


 


1.2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 


To further understand the subsurface underlying the Cleco Diamond Vault site, an assessment of 
the local hydraulic and hydrogeologic conditions was completed. This included a review of the 
hydrostratigraphy, groundwater flow direction, and salinity of shallow and deep aquifers in 
Rapides Parish, Louisiana. This assessment benefited from the work of Griffith (2009), which 
reviewed the hydrogeology, including water quality, of Rapides Parish. This work used a cutoff of 
250 mg/L chloride concentration to determine the freshwater-saltwater interface (as opposed to 
10,000 mg/L total dissolved solids [TDS] cutoff for the lowest USDW interface), as shown in the 
subsequent maps. 


Table 1-6 and Figure1-14 display the shallow subsurface hydrostratigraphy of Rapides Parish, 
Louisiana. Regionally, there are seven aquifers containing freshwater (USDWs) in Rapides 
Parish, as well as three confining units that separate them into four groups (Griffith, 2009). Each 
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of these aquifers occur in rocks composed of clastic sediments of varying sizes (clay, silt, sand, 
gravel) with the sand/sandstone beds of the formations being most amenable to freshwater 
production. The confining layers separating the aquifer systems are composed primarily of clay 
and silt, rendering them impermeable (Griffith, 2009).  


The spatial distribution of these seven aquifers varies throughout the Parish. Locally, there are 
five aquifers present in the subsurface beneath the Cleco project site: the Red River Alluvial, the 
Chicot Aquifer System, the Upland Terrace Aquifer, the Carnahan Bayou Aquifer, and the 
Catahoula Aquifer (Figures 1-15, 1-16, and 1-17). The Red River Alluvial aquifer is a 
predominately freshwater aquifer that extends roughly through the middle of Rapides Parish in a 
northwest to southeast direction. Its depth varies across Rapides Parish, ranging in elevation 
from 0 to 80 ft above the National Geodetic Vertical Datum of 1929 (NGVD), and it is at or near 
its shallowest points near the Cleco Diamond Vault site. Groundwater movement in the Red 
River Alluvial aquifer varies locally, however in general the waters that comprise the aquifer 
generally flow in an eastward direction. The Chicot and Upland Terrace aquifers merge in 
southwestern Rapides Parish and are treated as one large freshwater aquifer. Groundwater flow 
in the Chicot and Upland Terrace Aquifers is complex and flows in multiple directions 
throughout the Parish, generally in the direction of a nearby surface water stream. Considerable 
variation exists in altitude of the Chicot and Upland Terrance aquifers, as it varies in elevation 
from 80 ft above to 40 ft below NGVD and is about 40 ft above NGVD near the Cleco Diamond 
Vault site. The Carnahan Bayou Aquifer is the most extensive of the six regional aquifers, 
encompassing all of Rapides Parish. Water quality varies considerably in the Carnahan Bayou 
Aquifer, with most of the aquifer being comprised of saltwater or mixed saltwater and 
freshwater. Despite this, a significant portion of the Carnahan Bayou aquifer contains freshwater, 
notably in northern Rapides Parish. The surface of the Carnahan Bayou aquifer ranges in 
elevation from roughly 100 ft above NGVD to 200 ft below NGVD and is locally approximately 
0 ft above NGVD near the Cleco site. Groundwater flow in the Carnahan Bayou aquifer is 
related to groundwater withdrawal and usage and trends towards the cities of Alexandria and 
Pineville and the Kisatchie well field.  
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Figure 1-14: Hydrogeologic stratigraphic cross section of Rapides Parish, LA  
(modified from Griffith, 2009) 
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Figure 1-15: Map displaying the spatial extent and general direction of groundwater flow of the Red River Alluvial Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-16:  Map displaying the spatial extent and general direction of groundwater flow of the Chicot Aquifer in Rapides, Parish LA (modified 
from Griffith, 2009). 
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Figure 1-17:  Map displaying the spatial extent and general direction of groundwater flow of the Carnahan Bayou Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-18: Total dissolved solids (salinity) concentration map for the Carrizo Sandstone and Wilcox Group in Louisiana (modified from 


Pettijohn et. al, 1988). Colors indicate TDS concentrations. The Cleco study area, highlighted by the yellow star, has TDS concentrations of 
approximately 70,000 mg/L for the Carrizo and Wilcox. 
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In addition to reviewing shallow subsurface freshwater aquifers in Rapides Parish, it was also 
necessary to review the salinity levels of the potential saline reservoir injection targets. Saline 
reservoirs in Louisiana were researched by Pettijohn et. al. (1988) in their work focusing on the 
aquifers and hydrogeology of the Tertiary System in the Gulf of Mexico Coastal Plain. This 
work included the creation of a map detailing the salinity of the reservoirs within the Wilcox and 
Claiborne Groups. This map indicates the salinity of these units becomes increasingly saline 
towards the southern portions of Louisiana, as well as with increasing depth, with the Carrizo 
and Wilcox mapped as having TDS values of approximately 70,000 parts per million (ppm) 
(Figure 1-18). Additional to this map, salinity calculations were derived from well logs in the 
immediate vicinity of the Cleco property to confirm TDS values found in literature (Figure 1-
19). These maps, along with well log calculated salinity, support that water in the target storage 
formations is sufficiently saline in the study area to permit CO2 storage projects. 


 


Local log data shows a range of salinities, which is likely due to the vintage of the resistivity logs 
(Figure 1-19) and thus likely a measurement error. However, all wells show salinities 
significantly greater than 10,000 ppm for each injection zone, which is the regulatory lower 
limit. Calculated salinity values are consistent with regional literature (Carlson and Van Biersel, 
2009; Pettijohn et. al, 1988). These apparent water resistivity (Rwa)-derived salinity values 
should be considered a minimum salinity. Local mapping of greater than 70,000 ppm is highly 
likely for each zone. 
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Figure 1-19: Calculated log salinity of the Wilcox 2 in the area in thousands of ppm,  
colored by unique well. 


 


1.2.8 Geochemistry [40 CFR 146.82(a)(6)] 


Regional geochemical data provide insights into the reservoir water salinity (TDS) of the Carrizo 
Formation, Wilcox Group, and multiple overlying USDWs at the project site. However, site 
specific geochemistry data are not currently available due to a lack of subsurface water samples. 
The acquisition of these data will be completed during the installation of an onsite STW. Water 
samples will be collected for aqueous and solid-phase geochemical data through analysis of 
major cations and anions, trace metals, and general geochemical properties (i.e., pH, TDS, 
alkalinity, etc.). These analyses will be used to determine: 


• The deepest USDW at the project site 
• Baseline geochemical data for the project site that can be used to evaluate the migration    
       of CO2 and brine waters at the site 
• Current geochemical equilibrium conditions to evaluate the saturation relationship  
       between the dissolved and solid-phase minerals at the site 
• Geochemical reactions that may occur from the injection of CO2  
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The analysis of onsite geochemical properties in the subsurface reservoirs above and within the 
injection zones will confirm the intervals identified for CO2 storage meet the criteria outlined for 
Class VI permit approval. 


1.2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 


No surface air and/or soil gas data were collected at the Cleco site location.  


 


1.2.10 Site Suitability [40 CFR 146.83] 


An extensive set of subsurface data have been analyzed at the Cleco Diamond Vault site to 
support the evaluation of site suitability. The integration of well logs, 2D seismic, and regional 
maps and cross sections confirm the lateral extent of the target reservoir and confining zone, as 
well as the absence of faulting and structural features at the site location and surrounding area 
that would impact the integrity of the confining zone. Therefore, the containment risk is low, and 
no secondary confinement zone is necessary for USDW protection. Additional well and rock 
data collected from a site characterization well will provide further geomechanical data to 
support the integrity of the confining zone.  


The Cleco Diamond Vault site location is also suitable for CO2 sequestration due to its favorable 
target reservoir lithologies. The Wilcox 1 and 2 are composed of sandstones with interbedded 
shales.  The sandstones have a predominantly felspathic and lithic mineralogy and are 
categorized as felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). The most 
common mineral in the sandstones of the Wilcox 1 and 2 is quartz followed by calcite and 
ankerite, as well as numerous accessory minerals present in minor volumes (Loucks and Dutton, 
2019). Additionally, quartz cementation makes up 10 to 35% of the rock volume of the Wilcox 1 
and 2. The prevalence of quartz cement has positive implications for CO2 injection because 
quartz-cemented rocks are naturally resistant to the potentially corrosive effects of long-term 
exposure to injected CO2. Furthermore, although neither the CO2 stream nor formation waters 
are expected to be highly corrosive, the injection well materials that come in contact with the 
CO2 stream and/or reservoir brines will be constructed of corrosion-resistant materials, such as 
13CR steel, or similar. For example, the casing string across the Wilcox 1 and 2, the packer, and 
deep portion of the tubing with be constructed with corrosion-resistant materials.   


 
 


 
 


 
 


The target reservoirs for injection (Wilcox 1 and 2) are fluvial deltaic in origin. Their resulting 
geometries are influenced by the orientation of the main sediment source during deposition, 
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which ultimately influences the direction of plume migration for the injected CO2. The main 
sediment source during Wilcox deposition was the Holly Springs Delta. This had a north-
northeast orientation and later migrated eastward. The geometries were integrated into the SEM 
to provide depositionally-informed anisotropy, which resulted in north and north-east trending 
channel bodies. This orientation and geometry, as well as a subtle southern depositional dip, will 
influence the resulting plume shape and migration during injection (Figure 1-20). 


 


 
Figure 1-20: Environment of deposition property for each injection zone showing fluvial-dominated 


environments in the Wilcox 1, and Wilcox 2. View is of the top layer of each zone. 


 


1.3 Permit Section 2.0: AoR and Corrective Action  


The AoR and Corrective Action Plan are submitted to meet the requirements of Plan 40 CFR 
146.82(a)(13), 146.84(b) and 40 CFR 146.84(c). 
 
The plan describes the computational modeling approach and results. The objective of the 
computational modeling is to track the CO2 plume size and shape, area of pressure buildup, and 
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determine an AoR for CO2 injection at the Cleco Diamond Vault project site. The SEM is a 
three-dimensional (3D) geocellular model that represents the porosity and permeability of 
different stratigraphic formations, most notably, the intended CO2 storage formation and 
overlying confining layer. This type of model was selected as it offers the best options for 
quantifying, representing, and visualizing the subsurface geologic interpretations for the site. The 
purpose of this model is to represent available pore volume and enable the estimation of CO2 
storage capacity. Primarily, this geologic model serves as the framework (in terms of delineating 
zones, surfaces, permeability, and porosity) for computational modeling of CO2 injection.  
The computational modeling to simulate CO2 injection into the saline aquifer was performed 
using a 3D multiphase flow simulator CMG-GEM 2016 version (CMG-GEM, 2016). In addition 
to the geological framework imported from the SEM, additional parameters, such as relative 
permeability data, initial conditions, phase behavior model, and well and perforation parameters, 
were added to the computational model to complete the dynamic modeling. CMG-GEM is an 
equation-of-state based compositional simulator that models the phase behavior of brine and CO2 
plumes during the injection and post-injection phases of a project. Multiple phases were 
accounted for in the computational model including aqueous, gas, and supercritical phases.  


Modeling multiphase flow processes in porous media, with all components as described above, 
enables: 


• Estimation of pressure buildup in the storage formation – confining layer system  


• CO2 phase behavior at storage reservoir condition  


• CO2 saturation to determine plume extent in the storage formation (Wilcox 2 Sandstone)  


• Ensure confining layer sealing capabilities  


The estimated CO2 saturation map and pressure buildup from modeling multiphase flow 
processes will predict CO2 movement during the injection and post injection periods and 
delineate the AoR. 
  


1.4 Permit Section 3.0: Financial Responsibility  


The Financial Responsibility Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(14) and 146.85.  


1.5 Permit Section 4.0: Injection Well Construction  


1.5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 


No completion stimulation is planned at this time because the reservoir quality is expected to be 
adequate for the planned injection volumes. 
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1.5.2 Construction Procedures [40 CFR 146.2(a)(12)] 


A newly drilled injection well (CLDV-IW6) will be constructed at the Cleco Diamond Vault 
facility near Boyce, Louisiana, to meet the requirements of 40 CFR 146.86.  


1.5.3  Casing and Cementing 


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor, surface, and 
intermediate casing sections will all be carbon steel. The deep casing string will be constructed 
with corrosion-resistant chrome (13CR) across the reservoir and caprock to total depth (TD) and 
carbon steel from above the caprock to surface. This section of the wellbore is expected to have 
intermittent exposure to CO2-formation water mixed fluids especially in the initial phases of 
injection and intermittently when well workovers are performed throughout the life of the 
project. Although the expected water content of the injectate stream will be less than 50 ppm, the 
injection tubing string and flow-wetted injection tree components will be composed of corrosion- 
resistant materials.  


Table 1-7 summarize the casing program for the injection well and Table 1-8 summarizes the 
cement program. All casing strings will be cemented to surface and any changes to the final well 
design will be discussed with the UIC Director or representative.   


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW. 


Table 1-7: Casing details. 
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Table 1-8: Cement program for the CO2 injection well. 


After the well has been completed, a cement bond log – variable density log (CBL-VDL) and 
advanced ultrasonic cement evaluation log will be run of the entire depth of the long casing 
string shortly after completion of the injection well to confirm that the casing string was properly 
cemented. A baseline temperature measurement will also be acquired from surface to TD to 
provide initial temperature conditions over the well.  


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 pounds per gallon (ppg).  Final choice of 
the type of fluid will depend on availability and wellbore conditions. 


1.6 Permit Section 5.0: Pre-Operational Logging and Testing  


The Pre-Operational Logging and Testing Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(8) and 40 CFR 146.87. 


This plan describes the pre-operational formation testing program implemented to characterize 
the chemical and physical features of the injection zone and confining zone at the Cleco 
Diamond Vault Project. The data set from STW will form the base of the pre-operational data 
set. A thorough logging and testing plan will be completed including wireline logging, side wall 
cores and whole core, fluid sampling and injection testing.   


1.7 Permit Section 6.0: Well Operations 


1.7.1 Operational Procedures [40 CFR 146.82(a)(10)] 


This section describes the source of the CO2 that will be delivered to the storage site, its chemical 
and physical properties, flow rate, and the anticipated pressure and temperature of the CO2 at the 
pipeline outlet. In addition, this section provides the monitoring that will be performed on the 
injection well to confirm that it does not provide a conduit from the storage formation to above 
confining zone water sources, USDW sources, or the surface. 
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baseline dataset. Once the injection phase commences, samples of the CO2 injection stream will 
be collected from the CO2 delivery pipeline for analysis every three months.  


1.8 Permit Section 7.0: Testing and Monitoring 


The Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.82(a)(15) and 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with CO2 injection into the subsurface. Goals of the 
monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting USDWs 
• Ensuring that the injection well is operating as planned 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support AoR re-evaluations over the course of the project 


The Testing and Monitoring Plan will be adaptive over time in that the plan can be adjusted to 
respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 1-1 illustrates the modeled AoR over the 12-year injection period.  


The Testing and Monitoring Plan will outline several direct and indirect technologies used 
throughout the injection and PISC phases of the project that will monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest and the deepest water-


bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan (Permit Section 6.0). Table 1-11 summarizes 
the proposed testing and monitoring plan for the project.  
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The well integrity of the injection, deep monitoring and above confining zone (ACZ) wells will 
be monitored using a range of internal and external mechanical integrity evaluation methods. 
Initially, a mechanical integrity test (MIT) will be performed on the injection well following the 
well completion to confirm internal integrity as per the Pre-Operations Testing Plan (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)).    


Pressure fall-off tests (PFOs) will be conducted in the injection formation in the injection well 
when they are drilled to establish the hydrogeologic characteristics of the storage formation (Pre-
Operational Testing Plan, Permit Section 5). During the injection phase of the project, a PFO will 
be conducted in the injection well at least once every five years.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). The shallow 
groundwater monitoring program will consist of a network of wells within the AoR. 
Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
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pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation. A robust deterministic seismic forward modeling project will be undertaken to 
demonstrate that this technique can successfully detect subsurface changes associated with CO2 
injection at this site (Section 7.8.5). 


Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 


 















 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 50 of 83 


1.9 Permit Section 8.0: Injection Well Plugging 


The Injection Well Plugging Plan describes how Cleco Power, LLC will plug the injection well 
pursuant to 40 CFR 146.82(a)(16) and 146.92.  


A Notice of Intent to plug the well will be submitted to the EPA at least 60 days prior to the 
plugging operations (40 CFR 146.92 (c)). After the project has verified that there are no external 
well integrity issues, the well will be flushed with buffer fluid to remove any fluids or 
particulates that may be present in the well. The injection well casing will be plugged with 
cement to ensure that it does not provide a conduit outside the injection zone. Table 1-11 shows 
the intervals that will be plugged as well as the materials and methods that will be used to plug 
the intervals.  


 


Table 1-11: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
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1.10 Permit Section 9.0: Post-Injection Site Care (PISC) and Site Closure 


The PISC and Site Closure Plan describes the activities that Cleco Power, LLC will perform to 
meet the requirements of 40 CFR 146.82(a)(18) and 146.93(c). 


Cleco Power, LLC will monitor groundwater quality and track the position of the CO2 plume and 
pressure front for 10 years after the cessation of injection, which is the anticipated timeline for 
CO2 plume and pressure front stabilization.  


Based on the modeling of the pressure front as part of the AoR delineation, pressure at the 
injection well is expected to decrease to pre-injection levels in less than 10 years. Additional 
information on the projected post-injection pressure declines and differentials is presented in the 
permit application and the AoR and Corrective Action Plan (Permit Section 2.0). 


1.11 Permit Section 10.0: Emergency and Remedial Response  


The Emergency and Remedial Response Plan (ERRP) is submitted to meet the requirements of 
Plan 40 CFR 146.82(a)(19) and 146.94(a). 


The ERRP provides actions that Cleco Power, LLC will take in the event of an emergency and to 
address movement of CO2 or formation fluid that may endanger an USDW during the 
construction, operation, or PISC periods. 


If evidence indicates that the injected CO2 stream, formation fluids, and/or associated pressure 
front may cause an endangerment to a USDW, the following actions must be performed: 


1. Initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release or migration. 
3. Notify the permitting agency/UIC of the emergency event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 
Cleco Power, LLC will immediately cease injection. However, in some circumstances, Cleco 
Power, LLC will, in consultation with the UIC Director, determine if a gradual cessation of 
injection is appropriate. If a non-emergency shutdown of the CO2 injection system is required, 
the operator will complete the shutdown in a stepwise approach to prevent over-pressure 
situations and/or damage to the equipment.  Efforts will also be made to maintain the CO2 in the 
injection stream in a supercritical phase to prevent special operations during the restart of the 
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system.  Also, override of certain relays may be required to properly and safely shutdown the 
system. 


1.12 Injection Depth Waiver and Aquifer Exemption Expansion 


Cleco Power, LLC is not applying for a depth waiver or an aquifer exemption. 


1.13 Other Information – Environmental Justice Baseline Analysis 


Cleco Power, LLC have completed an Environmental Justice Baseline Analysis for the Cleco 
Diamond Vault Project. The report is included in Appendix A. 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are included in Appendix B. 
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 Appendix A – Environmental Justice Baseline Analysis 
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ATTACHMENT
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Appendix B – The “IT Decision” – Response to Five Questions 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are as follows: 


1. Have the potential and real adverse environmental effects of the proposed facility been 
avoided to the maximum extent possible? 


2. Does a cost benefit analysis of the environmental impact costs balanced against the social 
and economic benefits of the proposed facility demonstrate that the latter outweighs the 
former? 


3. Are there alternative projects which would offer more protection to the environment than 
the proposed facility without unduly curtailing non-environmental benefits? 


4. Are there alternative sites which would offer more protection than the proposed facility 
site without unduly curtailing non-environmental benefits? 


5. Are there mitigating measures which would offer more protection to the environment 
than the facility as proposed, without unduly curtailing non-environmental benefits? 


These questions and requirements will be resolved in detail. Thoughtful answers to these 
questions are being developed in conjunction with an air permit by Cleco’s environmental 
consultant. Upon completion, this information will be added to future revisions of this permit.   
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4.0 Injection Well Construction Plan ((146.86 (a)(1,2,3)) 


This section describes how a single, newly drilled injection well (CLDV-IW6) will be 
constructed at the Cleco Diamond Vault facility near Boyce, Louisiana, to meet the requirements 
of 40 CFR 146.86.  


This injection well is one of six being proposed at the Diamond Vault facility. Each well has an 
s-shaped trajectory with land-based surface locations and injection zones located under Lake 
Rodemacher as shown below in Figure 4-1. The well will be vertical from when it enters the 
confining later to total depth (TD). The injection well construction plan is designed to prevent 
the movement of fluids into or between underground sources of drinking water (USDWs) or into 
any unauthorized zones and to permit the use of appropriate testing devices and workover tools. 
The design also accommodates continuous monitoring of the annulus space between the injection 
tubing and long string casing ((146.86 (a)(1,2,3)). The proposed injection well diagram is shown 
in Figure 4-2.  


Table 4-1 details the depths of the geological formations of interest at the site based on available 
regional data ((146.86 (b)(1)(i)) and will be updated based on data collected in the stratigraphic 
test well (STW). A detailed discussion of the STW can be found in the Project Narrative (Permit 
Section 1.0). Refer to the Area of Review (AoR) and Corrective Action Plan (Permit Section 2) 
for further details on these formations. 


The well design is described in detail in the following sections, including the drilling phase, 
materials to be used, and the initial expected design. Formation and casing depths for the 
injection well have been determined using regional data and will be confirmed and updated 
based on data collected in the STW.  


No completion stimulation is planned at this time because the expected reservoir quality is 
sufficient for the planned injection volumes. The maximum injection volumes for this project are 
detailed in the Project Narrative (Permit Section 1.0). No oil or gas zones are anticipated to be 
encountered at this location.  


Table 4-1: Formations of Interest at the CLDV-IW6 well location based on available regional data. 
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Figure 4-1: Map of Diamond Vault showing six proposed injection wells and AoR. 
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Figure 4-2: Map of proposed injection well CLDV-IW6 
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Figure 4-3: CLDV-IW6 injection well schematic. 
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Table 4-3: Temperatures data used to estimate temperature gradient (Pitman & Rowan 2012). 


 


The data described above (composition of injection stream, brine composition and downhole 
temperature) will be used to assess how corrosive the formation waters will be. 


4.1.2 Casing/Tubing  


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor and surface 
casing sections will all be carbon steel. The deep casing string will be constructed with 
corrosion-resistant chrome (13CR) across the reservoir and caprock to TD and carbon steel from 
above the caprock to surface. This section of the wellbore is expected to have intermittent 
exposure to CO2-formation water mixed fluids especially in the initial phases of injection and 
intermittently when well workovers are performed throughout the life of the project. Although 
the expected water content of the injectate stream will be less than 50 parts per million (ppm), 
the injection tubing string and flow-wetted injection tree components will be composed of 
corrosion-resistant materials.  


All selected casing and tubing grades and weights will be adequate for handling anticipated 
stress loads and pressures throughout the life of the project. The downhole tubulars were 
analyzed to ensure their ability to withstand the anticipated loads they may undergo.  This 
analysis reviewed loads during installation, drilling, injection, workover, and subsequent 
abandonment. Additionally, effects due to cyclical loading, temperature, and exposure to 
wellbore fluids were also assessed.   


Table 4-4 summarize the casing program for the injection well. All casing strings will be 
cemented to surface and any changes to the final well design will be discussed with the UIC 
Director or representative. Table 4-5 details the minimum recommended tubulars and 
descriptions of key loads that were assessed.  The design is robust, meeting industry accepted 
minimum safety factors with significant margin.  API minimum safety factors based on 1.125 for 
collapse, 1.1 for burst and 1.6 for axial loading.  


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW.  
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Table 4-4: Casing details. 


 


Table 4-5: Tubular performance details. 


 


4.1.3 Tubular Stress Conditions (146.86 (c)) 


Surface 


The surface casing will be the first string of casing installed by the drilling rig. The surface 
casing will be isolated behind two tubular strings during injection operations, so the only 
applicable load conditions are during the installation of the surface casing and during drilling of 
the intermediate hole section. The highest evaluated burst load occurs when pressure testing the 
casing, which results in a 2.7 safety factor (SF) and meets design criteria. Axial loading will be 
minimal due to shallow setting depth, and all evaluated axial load cases result in SF that exceed 
5.2 and meets design criteria. The worst-case collapse loading for the surface casing would be if 
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returns are lost while drilling the intermediate hole interval; however, this results in a 2.5 SF and 
meets design criteria. 


Production String 


The production long string is the second and final casing string that will be installed and will be 
exposed to installation and injection load cases. The upper portion of the string will be isolated 
by a tubing and packer completion allowing for use of carbon steel. The lower portion of the 
string that will be across the injection zone and caprock will use a corrosion-resistant alloy 
(13CR) as this string will be providing long-term well integrity after the injection phase is 
completed and the well will be plugged. The production casing will be centralized with one 
centralizer per joint with solid body centralizers through the caprock interval and bowspring 
throughout the remainder of the well.  


The burst load when pressure testing the casing results in a 3.5 SF and meets design criteria. 
During normal operations, the burst loading on the long string casing due to applied annular 
pressure results (high) in a SF above 3.39. In the event the tubing develops a leak and maximum 
injection pressure is applied on a column of annular fluid, the resulting SF is 3.0; however, this 
will be a short-term event due to safety systems. Axial loading will be minimal due to shallow 
setting depth and minimal temperature fluctuations. All evaluated axial load cases result in SF 
that exceed 2. The worst-case collapse loading for the long string casing is a full evacuation to 
air which results in a SF of 1.4 which meets design criteria. This annulus will be filled with 
packer fluid (to minimize corrosion) and will be monitored to check for leaks; thus, this 
evacuated load case is extremely unlikely. A triaxial analysis was also performed resulting in a 
minimal SF of 2.4. 


Injection Tubing  


The injection tubing will be the final string of tubulars installed. The injection tubing will be the 
primary tubular in contact with injected fluids. During a workover event, the tubing may be 
removed from the well and can be replaced if any wall loss or damage has taken place. The 
highest burst load evaluated occurs when the tubing is pressure tested. This load results in a 1.7 
SF which meets design criteria. Burst load during normal injection operations (maximum 
injection pressure, low annular pressure) results in a SF greater than 8. Burst load during 
injection with an annular pressure loss event results in a SF that exceeds 2.4. The highest 
collapse load assessed assumes that the tubing is evacuated during a high annular pressure event, 
but still results in a SF of 2.0 and meets design criteria. Axial loading will be minimal due to 
shallow setting depth, low temperatures and all evaluated axial load cases result in SF of 3.8.  


4.1.4 Cement (146.86 (b)) 
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Table 4-6: Summary of cement types and corresponding casing strings. 


Class A cements are adequate for providing zonal isolation in behind-pipe environments to 
prevent the movement of formation fluids between zones. Class A cements have been applied in 
shallow oil and gas wells and water disposal wells for many decades and are an accepted best 
practice. In a typical, non-corrosive subsurface environment (i.e., aquifer or oil/gas reservoirs) 
Class A cement will perform well throughout the service life of the well. 


Class G or H cements are generally intended for use in deeper onshore wells and will have 
improved performance characteristics under higher temperature and pressure conditions, as 
compared to Class A cements (Guner & Ozturk, 2015).  


 


 
  


All casing strings will be cemented to surface. Table 4-7 describes the type of cement, estimated 
volumes, and weight of the mixture in pounds-per-gallon (ppg). Additives may change slightly 
based on laboratory testing. Volumes may be adjusted based on expected hole enlargement. 


Table 4-7: Cement program for the CO2 injection well. 
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4.1.5 Downhole Completion Equipment (146.86 (a) (2,3) 


Completion equipment will exceed the ratings of the injection tubing and will be suitable for the 
downhole conditions. Completion equipment will be designed such that a tubing plug can be set 
in the tail pipe below the packer allowing for removal of the upper completion string during 
workover activities to accommodate a pressure and temperature gauge. 


 


 


 


The final packer selection for this well will be determined prior to completion. However, 
preliminary plans suggest a packer similar to Baker Hughes’ SC-2 retrievable production packer 
may be used for this application. The Baker SC-2 packer is designed for higher temperature and 
pressure environments where a high differential pressure (i.e., from above and below) may be 
present. Although a high-pressure differential will not be observed in this well, the design of this 
packer provides additional assurance of a positive seal. The exposed components of the packer 
will be specially constructed from CO2-resistant materials including 13CR in addition to 
specially designed polymers for the elements. During the initial startup phase of injection, the 
packer may be exposed to CO2-saturated brine from below until it is fully displaced from the 
wellbore by the CO2.  


4.1.6 Perforation Strategy 


 


  


4.1.7 Wellhead Design 


The injection wellhead design is shown below in Figure 4-4. The injection well tree will be 
constructed with CO2 resistant materials/coatings on all surfaces to be in contact with the 
injection stream. The design has dual master valves for redundancy and a crown valve to allow 
rigup of wireline even under pressured situations.  
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Figure 4-4: CLDV-IW6 wellhead design. 


4.2 Drilling Contingencies 


As noted in the previous section, the setting depths for the surface and intermediate casing 
strings are designed to provide maximum protection for both groundwater and USDWs. The 
main sources of drinking water in the area are the shallow aquifers between approximately 150 ft 
and 250 ft MD which provide water to several municipalities in the region. The estimated 
deepest USDW is between 850 ft and 1000 ft (MD).  Geochemical testing of downhole water 
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samples collected in the STW will determine the actual depth of the deepest USDW and casing 
depths will be modified accordingly. 


In the event of lost circulation issues, Lost Circulation Material (LCM) additives will be added to 
the drilling fluid and in extreme cases an LCM pill will be mixed and pumped. The addition of a 
cementing stage tool may be required in situations where losses cannot be alleviated by LCM. 


Although elevated pressures or hydrocarbons are not expected, blow out prevention equipment 
(BOPE) will be installed prior to drilling below the surface casing. Periodic drills and training 
will be performed to ensure the crews are educated in how to react to a well control event. 


The planned well trajectory includes an s-shaped path returning to vertical just above the caprock 
that overlies the injection zone (Figure 4-2). This well design will provide the maximum surface 
to TD offset while ensuring that the wellbore remains vertical through the caprock and into the 
injection zone. Periodically throughout the drilling process the drill string will be pulled back up 
through the wellbore to ensure the hole is in good working condition, known as “wiper trips.” 
These short trips can prevent the buildup of formation cuttings around the outside of the drill 
string which can cause the string to become stuck in the hole, in the worst cases. They also 
ensure the formation of an even mud-cake layer along the walls of the wellbore which aids in 
better data collection with wireline tools in addition to a smoother installation of casing later in 
the process. 


4.3 Annular Fluid System 


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 ppg. Final choice of the type of fluid will 
depend on availability and wellbore conditions. 


The annulus fluid will contain additives and inhibitors including: a corrosion inhibitor, biocide 
(prevent growth of harmful bacteria), and an oxygen scavenger. Example additives and inhibitors 
are listed below along with approximate mix rates: 


 TETRAHib Plus (corrosion inhibitor for carbon steel tubulars) – 10 gallons (gal) per 100 
barrels (bbls) packer fluid 


 CORSAF™ SF (corrosion inhibitor for use with 13CR stainless steel tubulars or a 
combination of stainless steel and carbon steel tubulars) – 20 gal per 100 bbls packer 
fluid 


 Spec-cide 50 (biocide) – 1 gal per 100 bbls packer fluid 


 Oxban-HB (non-sulfite oxygen scavenger) – 10 gal per 100 bbls packer fluid 
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These products were recommended by and are provided by Tetra Technologies, Inc., of Houston, 
TX. Actual comparable products and provider may be used other than those described above. 


4.4 Stimulation Program  


No stimulation program is being planned as the expected injectivity of the Wilcox 1 should be 
adequate for the planned injection volumes. A small volume of acid may be required to “clean 
the perforations” prior to injection but formation breakdown pressure will not be reached during 
the activity.  


4.5 Demonstration of Mechanical Integrity 


Pressure testing and logging will be performed to confirm the casing was installed correctly and 
cemented appropriately. 


Refer to the Pre-Operational Testing Plan (Permit Section 5) and the Testing and Monitoring 
Plan (Permit Section 7) for additional details on the demonstration of mechanical integrity. 
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4.0 Injection Well Construction Plan ((146.86 (a)(1,2,3)) 


This section describes how a single, newly drilled injection well (CLDV-IW5) will be 
constructed at the Cleco Diamond Vault facility near Boyce, Louisiana, to meet the requirements 
of 40 CFR 146.86.  


This injection well is one of six being proposed at the Diamond Vault facility. Each well has an 
s-shaped trajectory with land-based surface locations and injection zones located under Lake 
Rodemacher as shown below in Figure 4-1. The well will be vertical from when it enters the 
confining later to total depth (TD). The injection well construction plan is designed to prevent 
the movement of fluids into or between underground sources of drinking water (USDWs) or into 
any unauthorized zones and to permit the use of appropriate testing devices and workover tools. 
The design also accommodates continuous monitoring of the annulus space between the injection 
tubing and long string casing ((146.86 (a)(1,2,3)). The proposed injection well diagram is shown 
in Figure 4-2.  


Table 4-1 details the depths of the geological formations of interest at the site based on available 
regional data ((146.86 (b)(1)(i)) and will be updated based on data collected in the stratigraphic 
test well (STW). A detailed discussion of the STW can be found in the Project Narrative (Permit 
Section 1.0). Refer to the Area of Review (AoR) and Corrective Action Plan (Permit Section 2) 
for further details on these formations. 


The well design is described in detail in the following sections, including the drilling phase, 
materials to be used, and the initial expected design. Formation and casing depths for the 
injection well have been determined using regional data and will be confirmed and updated 
based on data collected in the STW.  


No completion stimulation is planned at this time because the expected reservoir quality is 
sufficient for the planned injection volumes. The maximum injection volumes for this project are 
detailed in the Project Narrative (Permit Section 1.0). No oil or gas zones are anticipated to be 
encountered at this location.  


Table 4-1: Formations of Interest at the CLDV-IW5 well location based on available regional data. 
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Figure 4-1: Map of Diamond Vault showing six proposed injection wells and AoR. 
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Figure 4-2: Map of proposed injection well CLDV-IW5 
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Table 4-3: Estimated temperatures at depth of cap rock and injection formation. 


 


The data described above (composition of injection stream, brine composition and downhole 
temperature) will be used to assess how corrosive the formation waters will be. 


4.1.2 Casing/Tubing  


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor and surface 
casing sections will all be carbon steel. The deep casing string will be constructed with 
corrosion-resistant chrome (13CR) across the reservoir and caprock to TD and carbon steel from 
above the caprock to surface. This section of the wellbore is expected to have intermittent 
exposure to CO2-formation water mixed fluids especially in the initial phases of injection and 
intermittently when well workovers are performed throughout the life of the project. Although 
the expected water content of the injectate stream will be less than 50 parts per million (ppm), 
the injection tubing string and flow-wetted injection tree components will be composed of 
corrosion-resistant materials.  


All selected casing and tubing grades and weights will be adequate for handling anticipated 
stress loads and pressures throughout the life of the project. The downhole tubulars were 
analyzed to ensure their ability to withstand the anticipated loads they may undergo.  This 
analysis reviewed loads during installation, drilling, injection, workover, and subsequent 
abandonment. Additionally, effects due to cyclical loading, temperature, and exposure to 
wellbore fluids were also assessed.   


Table 4-4 summarize the casing program for the injection well. All casing strings will be 
cemented to surface and any changes to the final well design will be discussed with the UIC 
Director or representative. Table 4-5 details the minimum recommended tubulars and 
descriptions of key loads that were assessed.  The design is robust, meeting industry accepted 
minimum safety factors with significant margin.  API minimum safety factors based on 1.125 for 
collapse, 1.1 for burst and 1.6 for axial loading.  


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW.  
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Table 4-4: Casing details. 


 


Table 4-5: Tubular performance details. 


 


4.1.3 Tubular Stress Conditions (146.86 (c)) 


Surface 


The surface casing will be the first string of casing installed by the drilling rig. The surface 
casing will be isolated behind two tubular strings during injection operations, so the only 
applicable load conditions are during the installation of the surface casing and during drilling of 
the intermediate hole section. The highest evaluated burst load occurs when pressure testing the 
casing, which results in a 2.7 safety factor (SF) and meets design criteria. Axial loading will be 
minimal due to shallow setting depth, and all evaluated axial load cases result in SF that exceed 
5.2 and meets design criteria. The worst-case collapse loading for the surface casing would be if 
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returns are lost while drilling the intermediate hole interval; however, this results in a 2.5 SF and 
meets design criteria. 


Production String 


The production long string is the second and final casing string that will be installed and will be 
exposed to installation and injection load cases. The upper portion of the string will be isolated 
by a tubing and packer completion allowing for use of carbon steel. The lower portion of the 
string that will be across the injection zone and caprock will use a corrosion-resistant alloy 
(13CR) as this string will be providing long-term well integrity after the injection phase is 
completed and the well will be plugged. The production casing will be centralized with one 
centralizer per joint with solid body centralizers through the caprock interval and bowspring 
throughout the remainder of the well.  


The burst load when pressure testing the casing results in a 3.5 SF and meets design criteria. 
During normal operations, the burst loading on the long string casing due to applied annular 
pressure results (high) in a SF above 3.39. In the event the tubing develops a leak and maximum 
injection pressure is applied on a column of annular fluid, the resulting SF is 3.0; however, this 
will be a short-term event due to safety systems. Axial loading will be minimal due to shallow 
setting depth and minimal temperature fluctuations. All evaluated axial load cases result in SF 
that exceed 2. The worst-case collapse loading for the long string casing is a full evacuation to 
air which results in a SF of 1.4 which meets design criteria. This annulus will be filled with 
packer fluid (to minimize corrosion) and will be monitored to check for leaks; thus, this 
evacuated load case is extremely unlikely. A triaxial analysis was also performed resulting in a 
minimal SF of 2.4. 


Injection Tubing  


The injection tubing will be the final string of tubulars installed. The injection tubing will be the 
primary tubular in contact with injected fluids. During a workover event, the tubing may be 
removed from the well and can be replaced if any wall loss or damage has taken place. The 
highest burst load evaluated occurs when the tubing is pressure tested. This load results in a 1.7 
SF which meets design criteria. Burst load during normal injection operations (maximum 
injection pressure, low annular pressure) results in a SF greater than 8. Burst load during 
injection with an annular pressure loss event results in a SF that exceeds 2.4. The highest 
collapse load assessed assumes that the tubing is evacuated during a high annular pressure event, 
but still results in a SF of 2.0 and meets design criteria. Axial loading will be minimal due to 
shallow setting depth, low temperatures and all evaluated axial load cases result in SF of 3.8.  


4.1.4 Cement (146.86 (b)) 
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Table 4-6: Summary of cement types and corresponding casing strings. 


Class A cements are adequate for providing zonal isolation in behind-pipe environments to 
prevent the movement of formation fluids between zones. Class A cements have been applied in 
shallow oil and gas wells and water disposal wells for many decades and are an accepted best 
practice. In a typical, non-corrosive subsurface environment (i.e., aquifer or oil/gas reservoirs) 
Class A cement will perform well throughout the service life of the well. 


Class G or H cements are generally intended for use in deeper onshore wells and will have 
improved performance characteristics under higher temperature and pressure conditions, as 
compared to Class A cements (Guner & Ozturk, 2015).  


 


 
  


All casing strings will be cemented to surface. Table 4-7 describes the type of cement, estimated 
volumes, and weight of the mixture in pounds-per-gallon (ppg). Additives may change slightly 
based on laboratory testing. Volumes may be adjusted based on expected hole enlargement. 


Table 4-7: Cement program for the CO2 injection well. 
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4.1.5 Downhole Completion Equipment (146.86 (a) (2,3) 


Completion equipment will exceed the ratings of the injection tubing and will be suitable for the 
downhole conditions. Completion equipment will be designed such that a tubing plug can be set 
in the tail pipe below the packer allowing for removal of the upper completion string during 
workover activities to accommodate a pressure and temperature gauge. 


 


 


 


The final packer selection for this well will be determined prior to completion. However, 
preliminary plans suggest a packer similar to Baker Hughes’ SC-2 retrievable production packer 
may be used for this application. The Baker SC-2 packer is designed for higher temperature and 
pressure environments where a high differential pressure (i.e., from above and below) may be 
present. Although a high-pressure differential will not be observed in this well, the design of this 
packer provides additional assurance of a positive seal. The exposed components of the packer 
will be specially constructed from CO2-resistant materials including 13CR in addition to 
specially designed polymers for the elements. During the initial startup phase of injection, the 
packer may be exposed to CO2-saturated brine from below until it is fully displaced from the 
wellbore by the CO2.  


4.1.6 Perforation Strategy 


 


  


4.1.7 Wellhead Design 


The injection wellhead design is shown below in Figure 4-4. The injection well tree will be 
constructed with CO2 resistant materials/coatings on all surfaces to be in contact with the 
injection stream. The design has dual master valves for redundancy and a crown valve to allow 
rigup of wireline even under pressured situations.  
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Figure 4-4: CLDV-IW5 wellhead design. 


4.2 Drilling Contingencies 


As noted in the previous section, the setting depths for the surface and intermediate casing 
strings are designed to provide maximum protection for both groundwater and USDWs. The 
main sources of drinking water in the area are the shallow aquifers between approximately 150 ft 
and 250 ft MD which provide water to several municipalities in the region. The estimated 
deepest USDW is between 850 ft and 1000 ft (MD).  Geochemical testing of downhole water 
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samples collected in the STW will determine the actual depth of the deepest USDW and casing 
depths will be modified accordingly. 


In the event of lost circulation issues, Lost Circulation Material (LCM) additives will be added to 
the drilling fluid and in extreme cases an LCM pill will be mixed and pumped. The addition of a 
cementing stage tool may be required in situations where losses cannot be alleviated by LCM. 


Although elevated pressures or hydrocarbons are not expected, blow out prevention equipment 
(BOPE) will be installed prior to drilling below the surface casing. Periodic drills and training 
will be performed to ensure the crews are educated in how to react to a well control event. 


The planned well trajectory includes an s-shaped path returning to vertical just above the caprock 
that overlies the injection zone (Figure 4-2). This well design will provide the maximum surface 
to TD offset while ensuring that the wellbore remains vertical through the caprock and into the 
injection zone. Periodically throughout the drilling process the drill string will be pulled back up 
through the wellbore to ensure the hole is in good working condition, known as “wiper trips.” 
These short trips can prevent the buildup of formation cuttings around the outside of the drill 
string which can cause the string to become stuck in the hole, in the worst cases. They also 
ensure the formation of an even mud-cake layer along the walls of the wellbore which aids in 
better data collection with wireline tools in addition to a smoother installation of casing later in 
the process. 


4.3 Annular Fluid System 


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 ppg. Final choice of the type of fluid will 
depend on availability and wellbore conditions. 


The annulus fluid will contain additives and inhibitors including: a corrosion inhibitor, biocide 
(prevent growth of harmful bacteria), and an oxygen scavenger. Example additives and inhibitors 
are listed below along with approximate mix rates: 


 TETRAHib Plus (corrosion inhibitor for carbon steel tubulars) – 10 gallons (gal) per 100 
barrels (bbls) packer fluid 


 CORSAF™ SF (corrosion inhibitor for use with 13CR stainless steel tubulars or a 
combination of stainless steel and carbon steel tubulars) – 20 gal per 100 bbls packer 
fluid 


 Spec-cide 50 (biocide) – 1 gal per 100 bbls packer fluid 


 Oxban-HB (non-sulfite oxygen scavenger) – 10 gal per 100 bbls packer fluid 
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These products were recommended by and are provided by Tetra Technologies, Inc., of Houston, 
TX. Actual comparable products and provider may be used other than those described above. 


4.4 Stimulation Program  


No stimulation program is being planned as the expected injectivity of the Wilcox 2 should be 
adequate for the planned injection volumes. A small volume of acid may be required to “clean 
the perforations” prior to injection but formation breakdown pressure will not be reached during 
the activity.  


4.5 Demonstration of Mechanical Integrity 


Pressure testing and logging will be performed to confirm the casing was installed correctly and 
cemented appropriately. 


Refer to the Pre-Operational Testing Plan (Permit Section 5) and the Testing and Monitoring 
Plan (Permit Section 7) for additional details on the demonstration of mechanical integrity. 
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4.0 Injection Well Construction Plan ((146.86 (a)(1,2,3)) 


This section describes how a single, newly drilled injection well (CLDV-IW1) will be 
constructed at the Cleco Diamond Vault facility near Boyce, Louisiana, to meet the requirements 
of 40 CFR 146.86.  


This injection well is one of six being proposed at the Diamond Vault facility. Each well has an 
s-shaped trajectory with land-based surface locations and injection zones located under Lake 
Rodemacher as shown below in Figure 4-1. The well will be vertical from when it enters the 
confining later to total depth (TD). The injection well construction plan is designed to prevent 
the movement of fluids into or between underground sources of drinking water (USDWs) or into 
any unauthorized zones and to permit the use of appropriate testing devices and workover tools. 
The design also accommodates continuous monitoring of the annulus space between the injection 
tubing and long string casing ((146.86 (a)(1,2,3)). The proposed injection well diagram is shown 
in Figure 4-2.  


Table 4-1 details the depths of the geological formations of interest at the site based on available 
regional data ((146.86 (b)(1)(i)) and will be updated based on data collected in the stratigraphic 
test well (STW). A detailed discussion of the STW can be found in the Project Narrative (Permit 
Section 1.0). Refer to the Area of Review (AoR) and Corrective Action Plan (Permit Section 2) 
for further details on these formations. 


The well design is described in detail in the following sections, including the drilling phase, 
materials to be used, and the initial expected design. Formation and casing depths for the 
injection well have been determined using regional data and will be confirmed and updated 
based on data collected in the STW.  


No completion stimulation is planned at this time because the expected reservoir quality is 
sufficient for the planned injection volumes. The maximum injection volumes for this project are 
detailed in the Project Narrative (Permit Section 1.0). No oil or gas zones are anticipated to be 
encountered at this location.  


Table 4-1: Formations of Interest at the CLDV-IW1 well location based on available regional data. 
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Figure 4-1: Map of Diamond Vault showing six proposed injection wells and AoR. 
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Figure 4-2: Map of proposed injection well CLDV-IW1 
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Figure 4-3: CLDV-IW1 injection well schematic. 
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Table 4-3: Estimated temperatures at depth of cap rock and injection formation. 


 


The data described above (composition of injection stream, brine composition and downhole 
temperature) will be used to assess how corrosive the formation waters will be. 


4.1.2 Casing/Tubing  


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor and surface 
casing sections will all be carbon steel. The deep casing string will be constructed with 
corrosion-resistant chrome (13CR) across the reservoir and caprock to TD and carbon steel from 
above the caprock to surface. This section of the wellbore is expected to have intermittent 
exposure to CO2-formation water mixed fluids especially in the initial phases of injection and 
intermittently when well workovers are performed throughout the life of the project. Although 
the expected water content of the injectate stream will be less than 50 parts per million (ppm), 
the injection tubing string and flow-wetted injection tree components will be composed of 
corrosion-resistant materials.  


All selected casing and tubing grades and weights will be adequate for handling anticipated 
stress loads and pressures throughout the life of the project. The downhole tubulars were 
analyzed to ensure their ability to withstand the anticipated loads they may undergo.  This 
analysis reviewed loads during installation, drilling, injection, workover, and subsequent 
abandonment. Additionally, effects due to cyclical loading, temperature, and exposure to 
wellbore fluids were also assessed.   


Table 4-4 summarize the casing program for the injection well. All casing strings will be 
cemented to surface and any changes to the final well design will be discussed with the UIC 
Director or representative. Table 4-5 details the minimum recommended tubulars and 
descriptions of key loads that were assessed.  The design is robust, meeting industry accepted 
minimum safety factors with significant margin.  API minimum safety factors based on 1.125 for 
collapse, 1.1 for burst and 1.6 for axial loading.  


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW.  
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Table 4-4: Casing details. 


 


Table 4-5: Tubular performance details. 


 


4.1.3 Tubular Stress Conditions (146.86 (c)) 


Surface 


The surface casing will be the first string of casing installed by the drilling rig. The surface 
casing will be isolated behind two tubular strings during injection operations, so the only 
applicable load conditions are during the installation of the surface casing and during drilling of 
the intermediate hole section. The highest evaluated burst load occurs when pressure testing the 
casing, which results in a 2.7 safety factor (SF) and meets design criteria. Axial loading will be 
minimal due to shallow setting depth, and all evaluated axial load cases result in SF that exceed 
5.2 and meets design criteria. The worst-case collapse loading for the surface casing would be if 
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returns are lost while drilling the intermediate hole interval; however, this results in a 2.5 SF and 
meets design criteria. 


Production String 


The production long string is the second and final casing string that will be installed and will be 
exposed to installation and injection load cases. The upper portion of the string will be isolated 
by a tubing and packer completion allowing for use of carbon steel. The lower portion of the 
string that will be across the injection zone and caprock will use a corrosion-resistant alloy 
(13CR) as this string will be providing long-term well integrity after the injection phase is 
completed and the well will be plugged. The production casing will be centralized with one 
centralizer per joint with solid body centralizers through the caprock interval and bowspring 
throughout the remainder of the well.  


The burst load when pressure testing the casing results in a 3.5 SF and meets design criteria. 
During normal operations, the burst loading on the long string casing due to applied annular 
pressure results (high) in a SF above 3.39. In the event the tubing develops a leak and maximum 
injection pressure is applied on a column of annular fluid, the resulting SF is 3.0; however, this 
will be a short-term event due to safety systems. Axial loading will be minimal due to shallow 
setting depth and minimal temperature fluctuations. All evaluated axial load cases result in SF 
that exceed 2. The worst-case collapse loading for the long string casing is a full evacuation to 
air which results in a SF of 1.4 which meets design criteria. This annulus will be filled with 
packer fluid (to minimize corrosion) and will be monitored to check for leaks; thus, this 
evacuated load case is extremely unlikely. A triaxial analysis was also performed resulting in a 
minimal SF of 2.4. 


Injection Tubing  


The injection tubing will be the final string of tubulars installed. The injection tubing will be the 
primary tubular in contact with injected fluids. During a workover event, the tubing may be 
removed from the well and can be replaced if any wall loss or damage has taken place. The 
highest burst load evaluated occurs when the tubing is pressure tested. This load results in a 1.7 
SF which meets design criteria. Burst load during normal injection operations (maximum 
injection pressure, low annular pressure) results in a SF greater than 8. Burst load during 
injection with an annular pressure loss event results in a SF that exceeds 2.4. The highest 
collapse load assessed assumes that the tubing is evacuated during a high annular pressure event, 
but still results in a SF of 2.0 and meets design criteria. Axial loading will be minimal due to 
shallow setting depth, low temperatures and all evaluated axial load cases result in SF of 3.8.  


4.1.4 Cement (146.86 (b)) 
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Table 4-6: Summary of cement types and corresponding casing strings. 


Class A cements are adequate for providing zonal isolation in behind-pipe environments to 
prevent the movement of formation fluids between zones. Class A cements have been applied in 
shallow oil and gas wells and water disposal wells for many decades and are an accepted best 
practice. In a typical, non-corrosive subsurface environment (i.e., aquifer or oil/gas reservoirs) 
Class A cement will perform well throughout the service life of the well. 


Class G or H cements are generally intended for use in deeper onshore wells and will have 
improved performance characteristics under higher temperature and pressure conditions, as 
compared to Class A cements (Guner & Ozturk, 2015).  


 


 
  


All casing strings will be cemented to surface. Table 4-7 describes the type of cement, estimated 
volumes, and weight of the mixture in pounds-per-gallon (ppg). Additives may change slightly 
based on laboratory testing. Volumes may be adjusted based on expected hole enlargement. 


Table 4-7: Cement program for the CO2 injection well. 
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4.1.5 Downhole Completion Equipment (146.86 (a) (2,3) 


Completion equipment will exceed the ratings of the injection tubing and will be suitable for the 
downhole conditions. Completion equipment will be designed such that a tubing plug can be set 
in the tail pipe below the packer allowing for removal of the upper completion string during 
workover activities to accommodate a pressure and temperature gauge. 


 


 


 


The final packer selection for this well will be determined prior to completion. However, 
preliminary plans suggest a packer similar to Baker Hughes’ SC-2 retrievable production packer 
may be used for this application. The Baker SC-2 packer is designed for higher temperature and 
pressure environments where a high differential pressure (i.e., from above and below) may be 
present. Although a high-pressure differential will not be observed in this well, the design of this 
packer provides additional assurance of a positive seal. The exposed components of the packer 
will be specially constructed from CO2-resistant materials including 13CR in addition to 
specially designed polymers for the elements. During the initial startup phase of injection, the 
packer may be exposed to CO2-saturated brine from below until it is fully displaced from the 
wellbore by the CO2.  


4.1.6 Perforation Strategy 


 


  


4.1.7 Wellhead Design 


The injection wellhead design is shown below in Figure 4-4. The injection well tree will be 
constructed with CO2 resistant materials/coatings on all surfaces to be in contact with the 
injection stream. The design has dual master valves for redundancy and a crown valve to allow 
rigup of wireline even under pressured situations.  
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Figure 4-4: CLDV-IW1 wellhead design. 


4.2 Drilling Contingencies 


As noted in the previous section, the setting depths for the surface and intermediate casing 
strings are designed to provide maximum protection for both groundwater and USDWs. The 
main sources of drinking water in the area are the shallow aquifers between approximately 150 ft 
and 250 ft MD which provide water to several municipalities in the region. The estimated 
deepest USDW is between 850 ft and 1000 ft (MD).  Geochemical testing of downhole water 
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samples collected in the STW will determine the actual depth of the deepest USDW and casing 
depths will be modified accordingly. 


In the event of lost circulation issues, Lost Circulation Material (LCM) additives will be added to 
the drilling fluid and in extreme cases an LCM pill will be mixed and pumped. The addition of a 
cementing stage tool may be required in situations where losses cannot be alleviated by LCM. 


Although elevated pressures or hydrocarbons are not expected, blow out prevention equipment 
(BOPE) will be installed prior to drilling below the surface casing. Periodic drills and training 
will be performed to ensure the crews are educated in how to react to a well control event. 


The planned well trajectory includes an s-shaped path returning to vertical just above the caprock 
that overlies the injection zone (Figure 4-2). This well design will provide the maximum surface 
to TD offset while ensuring that the wellbore remains vertical through the caprock and into the 
injection zone. Periodically throughout the drilling process the drill string will be pulled back up 
through the wellbore to ensure the hole is in good working condition, known as “wiper trips.” 
These short trips can prevent the buildup of formation cuttings around the outside of the drill 
string which can cause the string to become stuck in the hole, in the worst cases. They also 
ensure the formation of an even mud-cake layer along the walls of the wellbore which aids in 
better data collection with wireline tools in addition to a smoother installation of casing later in 
the process. 


4.3 Annular Fluid System 


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 ppg. Final choice of the type of fluid will 
depend on availability and wellbore conditions. 


The annulus fluid will contain additives and inhibitors including: a corrosion inhibitor, biocide 
(prevent growth of harmful bacteria), and an oxygen scavenger. Example additives and inhibitors 
are listed below along with approximate mix rates: 


 TETRAHib Plus (corrosion inhibitor for carbon steel tubulars) – 10 gallons (gal) per 100 
barrels (bbls) packer fluid 


 CORSAF™ SF (corrosion inhibitor for use with 13CR stainless steel tubulars or a 
combination of stainless steel and carbon steel tubulars) – 20 gal per 100 bbls packer 
fluid 


 Spec-cide 50 (biocide) – 1 gal per 100 bbls packer fluid 


 Oxban-HB (non-sulfite oxygen scavenger) – 10 gal per 100 bbls packer fluid 
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These products were recommended by and are provided by Tetra Technologies, Inc., of Houston, 
TX. Actual comparable products and provider may be used other than those described above. 


4.4 Stimulation Program  


No stimulation program is being planned as the expected injectivity of the Wilcox 2 should be 
adequate for the planned injection volumes. A small volume of acid may be required to “clean 
the perforations” prior to injection but formation breakdown pressure will not be reached during 
the activity.  


4.5 Demonstration of Mechanical Integrity 


Pressure testing and logging will be performed to confirm the casing was installed correctly and 
cemented appropriately. 


Refer to the Pre-Operational Testing Plan (Permit Section 5) and the Testing and Monitoring 
Plan (Permit Section 7) for additional details on the demonstration of mechanical integrity. 
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4.0 Injection Well Construction Plan ((146.86 (a)(1,2,3)) 


This section describes how a single, newly drilled injection well (CLDV-IW2) will be 
constructed at the Cleco Diamond Vault facility near Boyce, Louisiana, to meet the requirements 
of 40 CFR 146.86.  


This injection well is one of six being proposed at the Diamond Vault facility. Each well has an 
s-shaped trajectory with land-based surface locations and injection zones located under Lake 
Rodemacher as shown below in Figure 4-1. The well will be vertical from when it enters the 
confining later to total depth (TD). The injection well construction plan is designed to prevent 
the movement of fluids into or between underground sources of drinking water (USDWs) or into 
any unauthorized zones and to permit the use of appropriate testing devices and workover tools. 
The design also accommodates continuous monitoring of the annulus space between the injection 
tubing and long string casing ((146.86 (a)(1,2,3)). The proposed injection well diagram is shown 
in Figure 4-2.  


Table 4-1 details the depths of the geological formations of interest at the site based on available 
regional data ((146.86 (b)(1)(i)) and will be updated based on data collected in the stratigraphic 
test well (STW). A detailed discussion of the STW can be found in the Project Narrative (Permit 
Section 1.0). Refer to the Area of Review (AoR) and Corrective Action Plan (Permit Section 2) 
for further details on these formations. 


The well design is described in detail in the following sections, including the drilling phase, 
materials to be used, and the initial expected design. Formation and casing depths for the 
injection well have been determined using regional data and will be confirmed and updated 
based on data collected in the STW.  


No completion stimulation is planned at this time because the expected reservoir quality is 
sufficient for the planned injection volumes. The maximum injection volumes for this project are 
detailed in the Project Narrative (Permit Section 1.0). No oil or gas zones are anticipated to be 
encountered at this location.  


Table 4-1: Formations of Interest at the CLDV-IW2 well location based on available regional data. 
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Figure 4-1: Map of Diamond Vault showing six proposed injection wells and AoR. 
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Figure 4-2: Map of proposed injection well CLDV-IW2 
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Figure 4-3: CLDV-IW2 injection well schematic. 
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Table 4-3: Temperatures data used to estimate temperature gradient (Pitman & Rowan 2012). 


 


The data described above (composition of injection stream, brine composition and downhole 
temperature) will be used to assess how corrosive the formation waters will be. 


4.1.2 Casing/Tubing  


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor and surface 
casing sections will all be carbon steel. The deep casing string will be constructed with 
corrosion-resistant chrome (13CR) across the reservoir and caprock to TD and carbon steel from 
above the caprock to surface. This section of the wellbore is expected to have intermittent 
exposure to CO2-formation water mixed fluids especially in the initial phases of injection and 
intermittently when well workovers are performed throughout the life of the project. Although 
the expected water content of the injectate stream will be less than 50 parts per million (ppm), 
the injection tubing string and flow-wetted injection tree components will be composed of 
corrosion-resistant materials.  


All selected casing and tubing grades and weights will be adequate for handling anticipated 
stress loads and pressures throughout the life of the project. The downhole tubulars were 
analyzed to ensure their ability to withstand the anticipated loads they may undergo.  This 
analysis reviewed loads during installation, drilling, injection, workover, and subsequent 
abandonment. Additionally, effects due to cyclical loading, temperature, and exposure to 
wellbore fluids were also assessed.   


Table 4-4 summarize the casing program for the injection well. All casing strings will be 
cemented to surface and any changes to the final well design will be discussed with the UIC 
Director or representative. Table 4-5 details the minimum recommended tubulars and 
descriptions of key loads that were assessed.  The design is robust, meeting industry accepted 
minimum safety factors with significant margin.  API minimum safety factors based on 1.125 for 
collapse, 1.1 for burst and 1.6 for axial loading.  


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW.  
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Table 4-4: Casing details. 


 


Table 4-5: Tubular performance details. 


 


4.1.3 Tubular Stress Conditions (146.86 (c)) 


Surface 


The surface casing will be the first string of casing installed by the drilling rig. The surface 
casing will be isolated behind two tubular strings during injection operations, so the only 
applicable load conditions are during the installation of the surface casing and during drilling of 
the intermediate hole section. The highest evaluated burst load occurs when pressure testing the 
casing, which results in a 2.7 safety factor (SF) and meets design criteria. Axial loading will be 
minimal due to shallow setting depth, and all evaluated axial load cases result in SF that exceed 
5.2 and meets design criteria. The worst-case collapse loading for the surface casing would be if 
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returns are lost while drilling the intermediate hole interval; however, this results in a 2.5 SF and 
meets design criteria. 


Production String 


The production long string is the second and final casing string that will be installed and will be 
exposed to installation and injection load cases. The upper portion of the string will be isolated 
by a tubing and packer completion allowing for use of carbon steel. The lower portion of the 
string that will be across the injection zone and caprock will use a corrosion-resistant alloy 
(13CR) as this string will be providing long-term well integrity after the injection phase is 
completed and the well will be plugged. The production casing will be centralized with one 
centralizer per joint with solid body centralizers through the caprock interval and bowspring 
throughout the remainder of the well.  


The burst load when pressure testing the casing results in a 3.5 SF and meets design criteria. 
During normal operations, the burst loading on the long string casing due to applied annular 
pressure results (high) in a SF above 3.39. In the event the tubing develops a leak and maximum 
injection pressure is applied on a column of annular fluid, the resulting SF is 3.0; however, this 
will be a short-term event due to safety systems. Axial loading will be minimal due to shallow 
setting depth and minimal temperature fluctuations. All evaluated axial load cases result in SF 
that exceed 2. The worst-case collapse loading for the long string casing is a full evacuation to 
air which results in a SF of 1.4 which meets design criteria. This annulus will be filled with 
packer fluid (to minimize corrosion) and will be monitored to check for leaks; thus, this 
evacuated load case is extremely unlikely. A triaxial analysis was also performed resulting in a 
minimal SF of 2.4. 


Injection Tubing  


The injection tubing will be the final string of tubulars installed. The injection tubing will be the 
primary tubular in contact with injected fluids. During a workover event, the tubing may be 
removed from the well and can be replaced if any wall loss or damage has taken place. The 
highest burst load evaluated occurs when the tubing is pressure tested. This load results in a 1.7 
SF which meets design criteria. Burst load during normal injection operations (maximum 
injection pressure, low annular pressure) results in a SF greater than 8. Burst load during 
injection with an annular pressure loss event results in a SF that exceeds 2.4. The highest 
collapse load assessed assumes that the tubing is evacuated during a high annular pressure event, 
but still results in a SF of 2.0 and meets design criteria. Axial loading will be minimal due to 
shallow setting depth, low temperatures and all evaluated axial load cases result in SF of 3.8.  


4.1.4 Cement (146.86 (b)) 
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4.1.5 Downhole Completion Equipment (146.86 (a) (2,3) 


Completion equipment will exceed the ratings of the injection tubing and will be suitable for the 
downhole conditions. Completion equipment will be designed such that a tubing plug can be set 
in the tail pipe below the packer allowing for removal of the upper completion string during 
workover activities to accommodate a pressure and temperature gauge. 


 


 


 


The final packer selection for this well will be determined prior to completion. However, 
preliminary plans suggest a packer similar to Baker Hughes’ SC-2 retrievable production packer 
may be used for this application. The Baker SC-2 packer is designed for higher temperature and 
pressure environments where a high differential pressure (i.e., from above and below) may be 
present. Although a high-pressure differential will not be observed in this well, the design of this 
packer provides additional assurance of a positive seal. The exposed components of the packer 
will be specially constructed from CO2-resistant materials including 13CR in addition to 
specially designed polymers for the elements. During the initial startup phase of injection, the 
packer may be exposed to CO2-saturated brine from below until it is fully displaced from the 
wellbore by the CO2.  


4.1.6 Perforation Strategy 


 


  


4.1.7 Wellhead Design 


The injection wellhead design is shown below in Figure 4-4. The injection well tree will be 
constructed with CO2 resistant materials/coatings on all surfaces to be in contact with the 
injection stream. The design has dual master valves for redundancy and a crown valve to allow 
rigup of wireline even under pressured situations.  
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Figure 4-4: CLDV-IW2 wellhead design. 


4.2 Drilling Contingencies 


As noted in the previous section, the setting depths for the surface and intermediate casing 
strings are designed to provide maximum protection for both groundwater and USDWs. The 
main sources of drinking water in the area are the shallow aquifers between approximately 150 ft 
and 250 ft MD which provide water to several municipalities in the region. The estimated 
deepest USDW is between 850 ft and 1000 ft (MD).  Geochemical testing of downhole water 
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samples collected in the STW will determine the actual depth of the deepest USDW and casing 
depths will be modified accordingly. 


In the event of lost circulation issues, Lost Circulation Material (LCM) additives will be added to 
the drilling fluid and in extreme cases an LCM pill will be mixed and pumped. The addition of a 
cementing stage tool may be required in situations where losses cannot be alleviated by LCM. 


Although elevated pressures or hydrocarbons are not expected, blow out prevention equipment 
(BOPE) will be installed prior to drilling below the surface casing. Periodic drills and training 
will be performed to ensure the crews are educated in how to react to a well control event. 


The planned well trajectory includes an s-shaped path returning to vertical just above the caprock 
that overlies the injection zone (Figure 4-2). This well design will provide the maximum surface 
to TD offset while ensuring that the wellbore remains vertical through the caprock and into the 
injection zone. Periodically throughout the drilling process the drill string will be pulled back up 
through the wellbore to ensure the hole is in good working condition, known as “wiper trips.” 
These short trips can prevent the buildup of formation cuttings around the outside of the drill 
string which can cause the string to become stuck in the hole, in the worst cases. They also 
ensure the formation of an even mud-cake layer along the walls of the wellbore which aids in 
better data collection with wireline tools in addition to a smoother installation of casing later in 
the process. 


4.3 Annular Fluid System 


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 ppg. Final choice of the type of fluid will 
depend on availability and wellbore conditions. 


The annulus fluid will contain additives and inhibitors including: a corrosion inhibitor, biocide 
(prevent growth of harmful bacteria), and an oxygen scavenger. Example additives and inhibitors 
are listed below along with approximate mix rates: 


 TETRAHib Plus (corrosion inhibitor for carbon steel tubulars) – 10 gallons (gal) per 100 
barrels (bbls) packer fluid 


 CORSAF™ SF (corrosion inhibitor for use with 13CR stainless steel tubulars or a 
combination of stainless steel and carbon steel tubulars) – 20 gal per 100 bbls packer 
fluid 


 Spec-cide 50 (biocide) – 1 gal per 100 bbls packer fluid 


 Oxban-HB (non-sulfite oxygen scavenger) – 10 gal per 100 bbls packer fluid 
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These products were recommended by and are provided by Tetra Technologies, Inc., of Houston, 
TX. Actual comparable products and provider may be used other than those described above. 


4.4 Stimulation Program  


No stimulation program is being planned as the expected injectivity of the Wilcox 1 should be 
adequate for the planned injection volumes. A small volume of acid may be required to “clean 
the perforations” prior to injection but formation breakdown pressure will not be reached during 
the activity.  


4.5 Demonstration of Mechanical Integrity 


Pressure testing and logging will be performed to confirm the casing was installed correctly and 
cemented appropriately. 


Refer to the Pre-Operational Testing Plan (Permit Section 5) and the Testing and Monitoring 
Plan (Permit Section 7) for additional details on the demonstration of mechanical integrity. 
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4.6 References 


Guner, D., Ozturk, H., 2015. Comparison of Mechanical Behavior of G Class Cements for 
Different Curing Time. Presented at 24th International Mining Congress and Exhibition of 
Turkey, 2015.  


Pitman, J.K., and Rowan, Elisabeth, 2012, Temperature and petroleum generation history of the 
Wilcox Formation, Louisiana: U.S. Geological Survey Open-File Report 2012–1046, 51 p. 


Schlumberger. EverCRETE system: https://www.slb.com/drilling/drilling-fluids-and-well-
cementing/well-cementing/cemcrete-cementing-technology/evercrete-co2-resistant-cement-
system. 
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4.0 Injection Well Construction Plan ((146.86 (a)(1,2,3)) 


This section describes how a single, newly drilled injection well (CLDV-IW3) will be 
constructed at the Cleco Diamond Vault facility near Boyce, Louisiana, to meet the requirements 
of 40 CFR 146.86.  


This injection well is one of six being proposed at the Diamond Vault facility. Each well has an 
s-shaped trajectory with land-based surface locations and injection zones located under Lake 
Rodemacher as shown below in Figure 4-1. The well will be vertical from when it enters the 
confining later to total depth (TD). The injection well construction plan is designed to prevent 
the movement of fluids into or between underground sources of drinking water (USDWs) or into 
any unauthorized zones and to permit the use of appropriate testing devices and workover tools. 
The design also accommodates continuous monitoring of the annulus space between the injection 
tubing and long string casing ((146.86 (a)(1,2,3)). The proposed injection well diagram is shown 
in Figure 4-2.  


Table 4-1 details the depths of the geological formations of interest at the site based on available 
regional data ((146.86 (b)(1)(i)) and will be updated based on data collected in the stratigraphic 
test well (STW). A detailed discussion of the STW can be found in the Project Narrative (Permit 
Section 1.0). Refer to the Area of Review (AoR) and Corrective Action Plan (Permit Section 2) 
for further details on these formations. 


The well design is described in detail in the following sections, including the drilling phase, 
materials to be used, and the initial expected design. Formation and casing depths for the 
injection well have been determined using regional data and will be confirmed and updated 
based on data collected in the STW.  


No completion stimulation is planned at this time because the expected reservoir quality is 
sufficient for the planned injection volumes. The maximum injection volumes for this project are 
detailed in the Project Narrative (Permit Section 1.0). No oil or gas zones are anticipated to be 
encountered at this location.  


Table 4-1: Formations of Interest at the CLDV-IW3 well location based on available regional data. 
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Figure 4-1: Map of Diamond Vault showing six proposed injection wells and AoR. 
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Figure 4-2: Map of proposed injection well CLDV-IW3 
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Figure 4-3: CLDV-IW3 injection well schematic. 
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Table 4-3: Estimated temperatures at depth of cap rock and injection formation. 


 


The data described above (composition of injection stream, brine composition and downhole 
temperature) will be used to assess how corrosive the formation waters will be. 


4.1.2 Casing/Tubing  


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor and surface 
casing sections will all be carbon steel. The deep casing string will be constructed with 
corrosion-resistant chrome (13CR) across the reservoir and caprock to TD and carbon steel from 
above the caprock to surface. This section of the wellbore is expected to have intermittent 
exposure to CO2-formation water mixed fluids especially in the initial phases of injection and 
intermittently when well workovers are performed throughout the life of the project. Although 
the expected water content of the injectate stream will be less than 50 parts per million (ppm), 
the injection tubing string and flow-wetted injection tree components will be composed of 
corrosion-resistant materials.  


All selected casing and tubing grades and weights will be adequate for handling anticipated 
stress loads and pressures throughout the life of the project. The downhole tubulars were 
analyzed to ensure their ability to withstand the anticipated loads they may undergo.  This 
analysis reviewed loads during installation, drilling, injection, workover, and subsequent 
abandonment. Additionally, effects due to cyclical loading, temperature, and exposure to 
wellbore fluids were also assessed.   


Table 4-4 summarize the casing program for the injection well. All casing strings will be 
cemented to surface and any changes to the final well design will be discussed with the UIC 
Director or representative. Table 4-5 details the minimum recommended tubulars and 
descriptions of key loads that were assessed.  The design is robust, meeting industry accepted 
minimum safety factors with significant margin.  API minimum safety factors based on 1.125 for 
collapse, 1.1 for burst and 1.6 for axial loading.  


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW.  
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Table 4-4: Casing details. 


 


Table 4-5: Tubular performance details. 


 


4.1.3 Tubular Stress Conditions (146.86 (c)) 


Surface 


The surface casing will be the first string of casing installed by the drilling rig. The surface 
casing will be isolated behind two tubular strings during injection operations, so the only 
applicable load conditions are during the installation of the surface casing and during drilling of 
the intermediate hole section. The highest evaluated burst load occurs when pressure testing the 
casing, which results in a 2.7 safety factor (SF) and meets design criteria. Axial loading will be 
minimal due to shallow setting depth, and all evaluated axial load cases result in SF that exceed 
5.2 and meets design criteria. The worst-case collapse loading for the surface casing would be if 
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returns are lost while drilling the intermediate hole interval; however, this results in a 2.5 SF and 
meets design criteria. 


Production String 


The production long string is the second and final casing string that will be installed and will be 
exposed to installation and injection load cases. The upper portion of the string will be isolated 
by a tubing and packer completion allowing for use of carbon steel. The lower portion of the 
string that will be across the injection zone and caprock will use a corrosion-resistant alloy 
(13CR) as this string will be providing long-term well integrity after the injection phase is 
completed and the well will be plugged. The production casing will be centralized with one 
centralizer per joint with solid body centralizers through the caprock interval and bowspring 
throughout the remainder of the well.  


The burst load when pressure testing the casing results in a 3.5 SF and meets design criteria. 
During normal operations, the burst loading on the long string casing due to applied annular 
pressure results (high) in a SF above 3.39. In the event the tubing develops a leak and maximum 
injection pressure is applied on a column of annular fluid, the resulting SF is 3.0; however, this 
will be a short-term event due to safety systems. Axial loading will be minimal due to shallow 
setting depth and minimal temperature fluctuations. All evaluated axial load cases result in SF 
that exceed 2. The worst-case collapse loading for the long string casing is a full evacuation to 
air which results in a SF of 1.4 which meets design criteria. This annulus will be filled with 
packer fluid (to minimize corrosion) and will be monitored to check for leaks; thus, this 
evacuated load case is extremely unlikely. A triaxial analysis was also performed resulting in a 
minimal SF of 2.4. 


Injection Tubing  


The injection tubing will be the final string of tubulars installed. The injection tubing will be the 
primary tubular in contact with injected fluids. During a workover event, the tubing may be 
removed from the well and can be replaced if any wall loss or damage has taken place. The 
highest burst load evaluated occurs when the tubing is pressure tested. This load results in a 1.7 
SF which meets design criteria. Burst load during normal injection operations (maximum 
injection pressure, low annular pressure) results in a SF greater than 8. Burst load during 
injection with an annular pressure loss event results in a SF that exceeds 2.4. The highest 
collapse load assessed assumes that the tubing is evacuated during a high annular pressure event, 
but still results in a SF of 2.0 and meets design criteria. Axial loading will be minimal due to 
shallow setting depth, low temperatures and all evaluated axial load cases result in SF of 3.8.  


4.1.4 Cement (146.86 (b)) 
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Table 4-6: Summary of cement types and corresponding casing strings. 


Class A cements are adequate for providing zonal isolation in behind-pipe environments to 
prevent the movement of formation fluids between zones. Class A cements have been applied in 
shallow oil and gas wells and water disposal wells for many decades and are an accepted best 
practice. In a typical, non-corrosive subsurface environment (i.e., aquifer or oil/gas reservoirs) 
Class A cement will perform well throughout the service life of the well. 


Class G or H cements are generally intended for use in deeper onshore wells and will have 
improved performance characteristics under higher temperature and pressure conditions, as 
compared to Class A cements (Guner & Ozturk, 2015).  


 


 
  


All casing strings will be cemented to surface. Table 4-7 describes the type of cement, estimated 
volumes, and weight of the mixture in pounds-per-gallon (ppg). Additives may change slightly 
based on laboratory testing. Volumes may be adjusted based on expected hole enlargement. 


Table 4-7: Cement program for the CO2 injection well. 
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4.1.5 Downhole Completion Equipment (146.86 (a) (2,3) 


Completion equipment will exceed the ratings of the injection tubing and will be suitable for the 
downhole conditions. Completion equipment will be designed such that a tubing plug can be set 
in the tail pipe below the packer allowing for removal of the upper completion string during 
workover activities to accommodate a pressure and temperature gauge. 


 


 


 


The final packer selection for this well will be determined prior to completion. However, 
preliminary plans suggest a packer similar to Baker Hughes’ SC-2 retrievable production packer 
may be used for this application. The Baker SC-2 packer is designed for higher temperature and 
pressure environments where a high differential pressure (i.e., from above and below) may be 
present. Although a high-pressure differential will not be observed in this well, the design of this 
packer provides additional assurance of a positive seal. The exposed components of the packer 
will be specially constructed from CO2-resistant materials including 13CR in addition to 
specially designed polymers for the elements. During the initial startup phase of injection, the 
packer may be exposed to CO2-saturated brine from below until it is fully displaced from the 
wellbore by the CO2.  


4.1.6 Perforation Strategy 


 


  


4.1.7 Wellhead Design 


The injection wellhead design is shown below in Figure 4-4. The injection well tree will be 
constructed with CO2 resistant materials/coatings on all surfaces to be in contact with the 
injection stream. The design has dual master valves for redundancy and a crown valve to allow 
rigup of wireline even under pressured situations.  
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Figure 4-4: CLDV-IW3 wellhead design. 


4.2 Drilling Contingencies 


As noted in the previous section, the setting depths for the surface and intermediate casing 
strings are designed to provide maximum protection for both groundwater and USDWs. The 
main sources of drinking water in the area are the shallow aquifers between approximately 150 ft 
and 250 ft MD which provide water to several municipalities in the region. The estimated 
deepest USDW is between 850 ft and 1000 ft (MD).  Geochemical testing of downhole water 
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samples collected in the STW will determine the actual depth of the deepest USDW and casing 
depths will be modified accordingly. 


In the event of lost circulation issues, Lost Circulation Material (LCM) additives will be added to 
the drilling fluid and in extreme cases an LCM pill will be mixed and pumped. The addition of a 
cementing stage tool may be required in situations where losses cannot be alleviated by LCM. 


Although elevated pressures or hydrocarbons are not expected, blow out prevention equipment 
(BOPE) will be installed prior to drilling below the surface casing. Periodic drills and training 
will be performed to ensure the crews are educated in how to react to a well control event. 


The planned well trajectory includes an s-shaped path returning to vertical just above the caprock 
that overlies the injection zone (Figure 4-2). This well design will provide the maximum surface 
to TD offset while ensuring that the wellbore remains vertical through the caprock and into the 
injection zone. Periodically throughout the drilling process the drill string will be pulled back up 
through the wellbore to ensure the hole is in good working condition, known as “wiper trips.” 
These short trips can prevent the buildup of formation cuttings around the outside of the drill 
string which can cause the string to become stuck in the hole, in the worst cases. They also 
ensure the formation of an even mud-cake layer along the walls of the wellbore which aids in 
better data collection with wireline tools in addition to a smoother installation of casing later in 
the process. 


4.3 Annular Fluid System 


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 ppg. Final choice of the type of fluid will 
depend on availability and wellbore conditions. 


The annulus fluid will contain additives and inhibitors including: a corrosion inhibitor, biocide 
(prevent growth of harmful bacteria), and an oxygen scavenger. Example additives and inhibitors 
are listed below along with approximate mix rates: 


 TETRAHib Plus (corrosion inhibitor for carbon steel tubulars) – 10 gallons (gal) per 100 
barrels (bbls) packer fluid 


 CORSAF™ SF (corrosion inhibitor for use with 13CR stainless steel tubulars or a 
combination of stainless steel and carbon steel tubulars) – 20 gal per 100 bbls packer 
fluid 


 Spec-cide 50 (biocide) – 1 gal per 100 bbls packer fluid 


 Oxban-HB (non-sulfite oxygen scavenger) – 10 gal per 100 bbls packer fluid 
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These products were recommended by and are provided by Tetra Technologies, Inc., of Houston, 
TX. Actual comparable products and provider may be used other than those described above. 


4.4 Stimulation Program  


No stimulation program is being planned as the expected injectivity of the Wilcox 2 should be 
adequate for the planned injection volumes. A small volume of acid may be required to “clean 
the perforations” prior to injection but formation breakdown pressure will not be reached during 
the activity.  


4.5 Demonstration of Mechanical Integrity 


Pressure testing and logging will be performed to confirm the casing was installed correctly and 
cemented appropriately. 


Refer to the Pre-Operational Testing Plan (Permit Section 5) and the Testing and Monitoring 
Plan (Permit Section 7) for additional details on the demonstration of mechanical integrity. 
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4.0 Injection Well Construction Plan ((146.86 (a)(1,2,3)) 


This section describes how a single, newly drilled injection well (CLDV-IW4) will be 
constructed at the Cleco Diamond Vault facility near Boyce, Louisiana, to meet the requirements 
of 40 CFR 146.86.  


This injection well is one of six being proposed at the Diamond Vault facility. Each well has an 
s-shaped trajectory with land-based surface locations and injection zones located under Lake 
Rodemacher as shown below in Figure 4-1. The well will be vertical from when it enters the 
confining later to total depth (TD). The injection well construction plan is designed to prevent 
the movement of fluids into or between underground sources of drinking water (USDWs) or into 
any unauthorized zones and to permit the use of appropriate testing devices and workover tools. 
The design also accommodates continuous monitoring of the annulus space between the injection 
tubing and long string casing ((146.86 (a)(1,2,3)). The proposed injection well diagram is shown 
in Figure 4-2.  


Table 4-1 details the depths of the geological formations of interest at the site based on available 
regional data ((146.86 (b)(1)(i)) and will be updated based on data collected in the stratigraphic 
test well (STW). A detailed discussion of the STW can be found in the Project Narrative (Permit 
Section 1.0). Refer to the Area of Review (AoR) and Corrective Action Plan (Permit Section 2) 
for further details on these formations. 


The well design is described in detail in the following sections, including the drilling phase, 
materials to be used, and the initial expected design. Formation and casing depths for the 
injection well have been determined using regional data and will be confirmed and updated 
based on data collected in the STW.  


No completion stimulation is planned at this time because the expected reservoir quality is 
sufficient for the planned injection volumes. The maximum injection volumes for this project are 
detailed in the Project Narrative (Permit Section 1.0). No oil or gas zones are anticipated to be 
encountered at this location.  


Table 4-1: Formations of Interest at the CLDV-IW4 well location based on available regional data. 
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Figure 4-1: Map of Diamond Vault showing six proposed injection wells and AoR. 
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Figure 4-2: Map of proposed injection well CLDV-IW4 
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Figure 4-3: CLDV-IW4 injection well schematic. 
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Table 4-3: Temperatures data used to estimate temperature gradient (Pitman & Rowan 2012). 


 


The data described above (composition of injection stream, brine composition and downhole 
temperature) will be used to assess how corrosive the formation waters will be. 


4.1.2 Casing/Tubing  


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor and surface 
casing sections will all be carbon steel. The deep casing string will be constructed with 
corrosion-resistant chrome (13CR) across the reservoir and caprock to TD and carbon steel from 
above the caprock to surface. This section of the wellbore is expected to have intermittent 
exposure to CO2-formation water mixed fluids especially in the initial phases of injection and 
intermittently when well workovers are performed throughout the life of the project. Although 
the expected water content of the injectate stream will be less than 50 parts per million (ppm), 
the injection tubing string and flow-wetted injection tree components will be composed of 
corrosion-resistant materials.  


All selected casing and tubing grades and weights will be adequate for handling anticipated 
stress loads and pressures throughout the life of the project. The downhole tubulars were 
analyzed to ensure their ability to withstand the anticipated loads they may undergo.  This 
analysis reviewed loads during installation, drilling, injection, workover, and subsequent 
abandonment. Additionally, effects due to cyclical loading, temperature, and exposure to 
wellbore fluids were also assessed.   


Table 4-4 summarize the casing program for the injection well. All casing strings will be 
cemented to surface and any changes to the final well design will be discussed with the UIC 
Director or representative. Table 4-5 details the minimum recommended tubulars and 
descriptions of key loads that were assessed.  The design is robust, meeting industry accepted 
minimum safety factors with significant margin.  API minimum safety factors based on 1.125 for 
collapse, 1.1 for burst and 1.6 for axial loading.  


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW.  
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Table 4-4: Casing details. 


 


Table 4-5: Tubular performance details. 


 


4.1.3 Tubular Stress Conditions (146.86 (c)) 


Surface 


The surface casing will be the first string of casing installed by the drilling rig. The surface 
casing will be isolated behind two tubular strings during injection operations, so the only 
applicable load conditions are during the installation of the surface casing and during drilling of 
the intermediate hole section. The highest evaluated burst load occurs when pressure testing the 
casing, which results in a 2.7 safety factor (SF) and meets design criteria. Axial loading will be 
minimal due to shallow setting depth, and all evaluated axial load cases result in SF that exceed 
5.2 and meets design criteria. The worst-case collapse loading for the surface casing would be if 
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returns are lost while drilling the intermediate hole interval; however, this results in a 2.5 SF and 
meets design criteria. 


Production String 


The production long string is the second and final casing string that will be installed and will be 
exposed to installation and injection load cases. The upper portion of the string will be isolated 
by a tubing and packer completion allowing for use of carbon steel. The lower portion of the 
string that will be across the injection zone and caprock will use a corrosion-resistant alloy 
(13CR) as this string will be providing long-term well integrity after the injection phase is 
completed and the well will be plugged. The production casing will be centralized with one 
centralizer per joint with solid body centralizers through the caprock interval and bowspring 
throughout the remainder of the well.  


The burst load when pressure testing the casing results in a 3.5 SF and meets design criteria. 
During normal operations, the burst loading on the long string casing due to applied annular 
pressure results (high) in a SF above 3.39. In the event the tubing develops a leak and maximum 
injection pressure is applied on a column of annular fluid, the resulting SF is 3.0; however, this 
will be a short-term event due to safety systems. Axial loading will be minimal due to shallow 
setting depth and minimal temperature fluctuations. All evaluated axial load cases result in SF 
that exceed 2. The worst-case collapse loading for the long string casing is a full evacuation to 
air which results in a SF of 1.4 which meets design criteria. This annulus will be filled with 
packer fluid (to minimize corrosion) and will be monitored to check for leaks; thus, this 
evacuated load case is extremely unlikely. A triaxial analysis was also performed resulting in a 
minimal SF of 2.4. 


Injection Tubing  


The injection tubing will be the final string of tubulars installed. The injection tubing will be the 
primary tubular in contact with injected fluids. During a workover event, the tubing may be 
removed from the well and can be replaced if any wall loss or damage has taken place. The 
highest burst load evaluated occurs when the tubing is pressure tested. This load results in a 1.7 
SF which meets design criteria. Burst load during normal injection operations (maximum 
injection pressure, low annular pressure) results in a SF greater than 8. Burst load during 
injection with an annular pressure loss event results in a SF that exceeds 2.4. The highest 
collapse load assessed assumes that the tubing is evacuated during a high annular pressure event, 
but still results in a SF of 2.0 and meets design criteria. Axial loading will be minimal due to 
shallow setting depth, low temperatures and all evaluated axial load cases result in SF of 3.8.  


4.1.4 Cement (146.86 (b)) 


 
 


Sensitive, Confidential, or Privileged Information







 


Injection Well Construction Plan for CLECO DIAMOND VAULT  PROJECT 
Project Number: R06-LA-0022 Page 12 of 18 


 
 


 


Table 4-6: Summary of cement types and corresponding casing strings. 


Class A cements are adequate for providing zonal isolation in behind-pipe environments to 
prevent the movement of formation fluids between zones. Class A cements have been applied in 
shallow oil and gas wells and water disposal wells for many decades and are an accepted best 
practice. In a typical, non-corrosive subsurface environment (i.e., aquifer or oil/gas reservoirs) 
Class A cement will perform well throughout the service life of the well. 


Class G or H cements are generally intended for use in deeper onshore wells and will have 
improved performance characteristics under higher temperature and pressure conditions, as 
compared to Class A cements (Guner & Ozturk, 2015).  


 


 
  


All casing strings will be cemented to surface. Table 4-7 describes the type of cement, estimated 
volumes, and weight of the mixture in pounds-per-gallon (ppg). Additives may change slightly 
based on laboratory testing. Volumes may be adjusted based on expected hole enlargement. 


Table 4-7: Cement program for the CO2 injection well. 
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4.1.5 Downhole Completion Equipment (146.86 (a) (2,3) 


Completion equipment will exceed the ratings of the injection tubing and will be suitable for the 
downhole conditions. Completion equipment will be designed such that a tubing plug can be set 
in the tail pipe below the packer allowing for removal of the upper completion string during 
workover activities to accommodate a pressure and temperature gauge. 


 


 


 


The final packer selection for this well will be determined prior to completion. However, 
preliminary plans suggest a packer similar to Baker Hughes’ SC-2 retrievable production packer 
may be used for this application. The Baker SC-2 packer is designed for higher temperature and 
pressure environments where a high differential pressure (i.e., from above and below) may be 
present. Although a high-pressure differential will not be observed in this well, the design of this 
packer provides additional assurance of a positive seal. The exposed components of the packer 
will be specially constructed from CO2-resistant materials including 13CR in addition to 
specially designed polymers for the elements. During the initial startup phase of injection, the 
packer may be exposed to CO2-saturated brine from below until it is fully displaced from the 
wellbore by the CO2.  


4.1.6 Perforation Strategy 


 


  


4.1.7 Wellhead Design 


The injection wellhead design is shown below in Figure 4-4. The injection well tree will be 
constructed with CO2 resistant materials/coatings on all surfaces to be in contact with the 
injection stream. The design has dual master valves for redundancy and a crown valve to allow 
rigup of wireline even under pressured situations.  
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Figure 4-4: CLDV-IW4 wellhead design. 


4.2 Drilling Contingencies 


As noted in the previous section, the setting depths for the surface and intermediate casing 
strings are designed to provide maximum protection for both groundwater and USDWs. The 
main sources of drinking water in the area are the shallow aquifers between approximately 150 ft 
and 250 ft MD which provide water to several municipalities in the region. The estimated 
deepest USDW is between 850 ft and 1000 ft (MD).  Geochemical testing of downhole water 
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samples collected in the STW will determine the actual depth of the deepest USDW and casing 
depths will be modified accordingly. 


In the event of lost circulation issues, Lost Circulation Material (LCM) additives will be added to 
the drilling fluid and in extreme cases an LCM pill will be mixed and pumped. The addition of a 
cementing stage tool may be required in situations where losses cannot be alleviated by LCM. 


Although elevated pressures or hydrocarbons are not expected, blow out prevention equipment 
(BOPE) will be installed prior to drilling below the surface casing. Periodic drills and training 
will be performed to ensure the crews are educated in how to react to a well control event. 


The planned well trajectory includes an s-shaped path returning to vertical just above the caprock 
that overlies the injection zone (Figure 4-2). This well design will provide the maximum surface 
to TD offset while ensuring that the wellbore remains vertical through the caprock and into the 
injection zone. Periodically throughout the drilling process the drill string will be pulled back up 
through the wellbore to ensure the hole is in good working condition, known as “wiper trips.” 
These short trips can prevent the buildup of formation cuttings around the outside of the drill 
string which can cause the string to become stuck in the hole, in the worst cases. They also 
ensure the formation of an even mud-cake layer along the walls of the wellbore which aids in 
better data collection with wireline tools in addition to a smoother installation of casing later in 
the process. 


4.3 Annular Fluid System 


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 ppg. Final choice of the type of fluid will 
depend on availability and wellbore conditions. 


The annulus fluid will contain additives and inhibitors including: a corrosion inhibitor, biocide 
(prevent growth of harmful bacteria), and an oxygen scavenger. Example additives and inhibitors 
are listed below along with approximate mix rates: 


 TETRAHib Plus (corrosion inhibitor for carbon steel tubulars) – 10 gallons (gal) per 100 
barrels (bbls) packer fluid 


 CORSAF™ SF (corrosion inhibitor for use with 13CR stainless steel tubulars or a 
combination of stainless steel and carbon steel tubulars) – 20 gal per 100 bbls packer 
fluid 


 Spec-cide 50 (biocide) – 1 gal per 100 bbls packer fluid 


 Oxban-HB (non-sulfite oxygen scavenger) – 10 gal per 100 bbls packer fluid 
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These products were recommended by and are provided by Tetra Technologies, Inc., of Houston, 
TX. Actual comparable products and provider may be used other than those described above. 


4.4 Stimulation Program  


No stimulation program is being planned as the expected injectivity of the Wilcox 1 should be 
adequate for the planned injection volumes. A small volume of acid may be required to “clean 
the perforations” prior to injection but formation breakdown pressure will not be reached during 
the activity.  


4.5 Demonstration of Mechanical Integrity 


Pressure testing and logging will be performed to confirm the casing was installed correctly and 
cemented appropriately. 


Refer to the Pre-Operational Testing Plan (Permit Section 5) and the Testing and Monitoring 
Plan (Permit Section 7) for additional details on the demonstration of mechanical integrity. 
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6.2 Characteristics of CO2 Delivered to the Storage Site 


Prior to injection, the chemical and physical characteristics of the injectant CO2 will be 
confirmed using appropriate analytical methods. 


6.3 Shutdown Procedure 


The shutdown procedure will consist of three parts: 


1. The well from the wellhead down.  Downhole in the well a subsurface safety valve will 
automatically shut in an emergency shutdown situation.  This will trap all injected CO2 in 
the well and stop any leakage from the injection formation.  In a controlled shutdown 
situation, the master valve and/or wing valve on the wellhead will be shut trapping the 
CO2 in the well. A gauge at the wellhead will allow measurement of the pressure below 
the valve in the well.  This is important so that during re-startup the pressure can be 
equalized across the valve before opening the valve and continuing injection. 
 


2. The pipeline from compressor to wellhead.  The wellhead will have at a minimum two 
shut-off valves and several isolation valves to allow isolation of corrosion coupons, flow 
meters and other equipment without the need to vent the entire pipeline.  During an 
emergency shutdown both shutoff valves will close automatically due to upset conditions.  
During a controlled shutdown the valves will be shut in sync with the compressor 
shutdown and the well head valves to ensure the CO2 in the pipeline is trapped until 
injection commences again.  During re-startup, the pressure at each end of the pipeline 
will be equalized across the valve and the valve opened to allow continued injection.   
 


3. The compressor. The compressor will have the ability to go into recycle mode in case of 
an emergency shutdown.  It will then be able to slowly shutdown and vent trapped CO2. 


During controlled shutdown, the valve to the pipeline will be shut trapping the CO2 in the 
pipeline and the remaining small amount of CO2 in the compressor chambers will be 
vented up a vent stack.  During re-startup the compressor will be brought online and 
compress against the closed pipeline valve until the pressure equalizes and then the 
valves will be open, and injection will continue. 
 


6.4 Proposed Carbon Dioxide Stream  
            (40 CFR 146.82(a)(7)(iii) and (iv)) and 146.86(b)(1)(v) 


6.4.1 Source of the CO2 Stream 


The Brame Energy Center, part of the Cleco Diamond Vault  facility near Alexandria, Rapides 
Parish, Louisiana, is the source of the CO2. The capture, compression and injection of the CO2 
will be operated by Cleco Power, LLC. 
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dataset. Once the injection phase commences, the CO2 injection stream will be collected from the 
CO2 delivery pipeline for analysis.  


6.5 Well Annulus Pressure Maintenance System  


The purpose of the annulus monitoring and pressure system is to maintain the annular fluid at a 
prescribed pressure. The automated annulus monitoring system that has been designed for this 
purpose is part of the comprehensive well annular pressure maintenance system. The well 
pressure maintenance system includes piping, instrumentation valves, controls, and other 
equipment to accomplish several functions, including the following: 


• Maintain a prescribed pressure on the annular fluid in the well to achieve a positive 
pressure differential across the packer 


• Automatically deliver annular fluid to the well when the fluid volume in the well 
decreases due to temperature and/or pressure changes 


• Automatically remove annular fluid from the wells when the fluid volume in the well 
increases due to temperature and/or pressure changes 


• Monitor parameters (e.g., pressure, temperature, fluid levels, nitrogen pressure) 
associated with the pressure-maintenance system 


• Automatically cease CO2 injection to the wells when injection pressure or annulus 
pressure fall outside of prescribed limits. 


The annular monitoring system will maintain the wellhead pressure of the annular fluid between 
the tubing and the long string of casing within the pre-determined levels as specified in the 
permit. The system will maintain the annular pressure 100 psi above the pressure of the CO2 in 
the injection tubing at the depth of the packer. The annular fluid pressure will be continuously 
monitored so that CO2 injection can be halted when the annular fluid pressure falls outside the 
pre-determined range for a period that exceeds allowable limits. The annular monitoring system 
consists of a continuous annular pressure gauge, a pressurized annulus fluid reservoir (annulus 
head tank), pressure regulators, and tank fluid level indication. The annulus system will maintain 
annulus pressure by controlling the pressure on the annulus head tank using compressed 
nitrogen. The annulus pressure will be maintained between approximately 150 and 800 psi and 
will be monitored by the annular pressure gauges and the Supervisory Control and Data 
Acquisition (SCADA) system. The pressure and fluid level in the annulus head tank will be 
monitored and recorded continuously. The annulus head tank pressure will be controlled by 
pressure regulators–one set of regulators to maintain the pressure above 150 psi by adding 
compressed nitrogen and the other to relieve pressure above 800 psi by venting gas off the 
annulus head tank. Any changes to the composition of annular fluid will be reported in the next 
report submitted to the permitting agency. When the injection system is shut down, the annular 
pressure will be reduced to reduce collapse pressure on the tubing string. 
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Any changes to the injection pressure outside of the normal operating fluctuations may indicate 
that an issue has occurred with the well (i.e., loss of mechanical integrity, blockage in the tubing, 
etc.) or may be caused by a change in injection flowrate. Anomalous pressure measurements 
would trigger the need for further investigation of the cause of the change (40 CFR 146.89 (b)). 
The wellhead injection pressure will also be used to calibrate the computational modeling 
throughout the injection phase of the project. Some of these modeling computations will be used 
with the reservoir pressure data to provide a calculation correlating the wellhead pressure with 
the reservoir pressure (Testing and Monitoring Plan, Permit Section 7).  


The wellhead pressure of the injected CO2 will be measured by an electronic pressure transducer 
with analog output mounted on the CO2 line associated with the injection well. The transmitter 
will be electronically connected to the SCADA system, which can shutdown the system or 
change the flowrate depending on the pressures measured at the wellhead.  


6.7.2 Continuous Recording of Injection Mass Flow Rate  


The mass flow rate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well and connected to the 
SCADA system. The meter will have an analog output (Endress & Hauser or Micro Motion 
Coriolis Flow and Density meter or similar). The meter will be maintained and calibrated 
according to the manufacturer's specifications. 


6.7.3 Continuous Recording of CO2 Stream Temperature 


The temperature of the injected CO2 will be continuously measured for the well by an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The thermocouple will be calibrated prior to the start of 
injection operations, and the calibration will be checked periodically (e.g., quarterly) during 
regular instrument checks. The thermocouple for measuring surface injection temperature will be 
recalibrated annually or it will be replaced with a calibrated thermocouple. 


6.7.4 Downhole Pressure and Temperature  


Downhole pressure and temperature will be periodically monitored during the initial period of 
injection (approximately six months after starting injection). The downhole pressure data will be 
used to establish a correlation between the storage formation pressure and the wellhead pressure 
for more accurate estimates of downhole pressure throughout the injection phase of the project. 
These data will also be used with the mass flow rate to calculate the volume injection rate of the 
CO2 into the reservoir. During this monitoring period, the downhole pressure and temperature 
data will be recorded once every minute on retrievable gauges placed in the tubing within the 
injection reservoir.  
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6.8 Control and Alarm System 


This section describes the process that will be implemented to safely halt CO2 injection in the 
event of an injection well or equipment failure, or if the injection pressure exceeds the 
predetermined maximum level. The injection process will be monitored by pressure, 
temperature, and flow monitoring devices connected to the injection well, compressor, pipeline, 
a series or valves, and the SCADA system. The monitoring system will be capable of detecting 
when injection conditions are out of acceptable limits and responding by either adjusting 
conditions or halting injection. The system is designed to operate automatically with minimal 
operator intervention. This section presents the following: 


• A brief overview of the monitoring and control system 


• A description of the automatic shutdown of the compressor, including the annular 
pressure, injection pressure, and flow rate that will trigger pumps shutdown 


The well control system architecture and functionality, including process alarms, plant 
interlocks, shutdown alarms, and automatic shutdown sequence are described below.  


6.8.1 Control System Overview 


The proposed control system for the well consists of a SCADA system connected to the pressure, 
temperature, and flow monitoring systems and controls of the compressor, pipeline, and injection 
well. Alarms, run enable, and other critical signals will be passed between the compression 
system and the injection well through the SCADA system. User privileges and other security 
measures will be implemented to limit access to and control of the SCADA and well control 
equipment.  


Injection pressure will be determined by the pressure of the CO2 at the wellhead of the injection 
well. The compressor will have a variable-speed drive, which will be controlled to limit the CO2 
injection pressure and flow rate. A control valve will be installed on the CO2 pipeline at a 
location upstream of where the pipeline connects to the wellhead. Adjustments to the injection 
pressure can be made with the control valve if necessary to stay under the injection pressure 
limit. 


6.8.2 Process Alarms and Automatic Shutdown  


Alarms will be implemented throughout the injection system and monitored by the SCADA 
operator. Alarms are of three types:  process (non-shutdown) alarms, shutdown alarms, and 
interlock alarms. Process alarms will be used to alert the control room operator whenever process 
variables are out of the accepted operating range and operator, or maintenance action may be 
required. Shutdown alarms will indicate critical conditions. An active shutdown alarm and/or 
plant interlock will trigger an automatic shutdown sequence in which the CO2 injection process 
is automatically shut down by the well control system.  











 


Well Operations Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 11 of 11 


operations, the plant interlock will act as a run permission command for the injection process to 
start up. 
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6.2 Characteristics of CO2 Delivered to the Storage Site 


Prior to injection, the chemical and physical characteristics of the injectant CO2 will be 
confirmed using appropriate analytical methods. 


6.3 Shutdown Procedure 


The shutdown procedure will consist of three parts: 


1. The well from the wellhead down.  Downhole in the well a subsurface safety valve will 
automatically shut in an emergency shutdown situation.  This will trap all injected CO2 in 
the well and stop any leakage from the injection formation.  In a controlled shutdown 
situation, the master valve and/or wing valve on the wellhead will be shut trapping the 
CO2 in the well. A gauge at the wellhead will allow measurement of the pressure below 
the valve in the well.  This is important so that during re-startup the pressure can be 
equalized across the valve before opening the valve and continuing injection. 
 


2. The pipeline from compressor to wellhead.  The wellhead will have at a minimum two 
shut-off valves and several isolation valves to allow isolation of corrosion coupons, flow 
meters and other equipment without the need to vent the entire pipeline.  During an 
emergency shutdown both shut-off valves will close automatically due to upset 
conditions.  During a controlled shutdown the valves will be shut in sync with the 
compressor shutdown and the well head valves to ensure the CO2 in the pipeline is 
trapped until injection commences again.  During re-startup, the pressure at each end of 
the pipeline will be equalized across the valve and the valve opened to allow continued 
injection.   
 


3. The compressor. The compressor will have the ability to go into recycle mode in case of 
an emergency shutdown.  It will then be able to slowly shut down and vent trapped CO2. 


During controlled shutdown, the valve to the pipeline will be shut, trapping the CO2 in 
the pipeline and the remaining small amount of CO2 in the compressor chambers will be 
vented up a vent stack.  During re-startup the compressor will be brought online and 
compress against the closed pipeline valve until the pressure equalizes and then the 
valves will be open, and injection will continue. 
 


6.4 Proposed Carbon Dioxide Stream  
            (40 CFR 146.82(a)(7)(iii) and (iv)) and 146.86(b)(1)(v) 


6.4.1 Source of the CO2 Stream 


The Brame Energy Center, part of the Cleco Diamond Vault  facility near Boyce, Rapides Parish, 
Louisiana, is the source of the CO2. The capture, compression and injection of the CO2 will be 
operated by Cleco Power, LLC. 
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dataset. Once the injection phase commences, the CO2 injection stream will be collected from the 
CO2 delivery pipeline for analysis.  


6.5 Well Annulus Pressure Maintenance System  


The purpose of the annulus monitoring and pressure system is to maintain the annular fluid at a 
prescribed pressure. The automated annulus monitoring system that has been designed for this 
purpose is part of the comprehensive well annular pressure maintenance system. The well 
pressure maintenance system includes piping, instrumentation valves, controls, and other 
equipment to accomplish several functions, including the following: 


• Maintain a prescribed pressure on the annular fluid in the well to achieve a positive 
pressure differential across the packer 


• Automatically deliver annular fluid to the well when the fluid volume in the well 
decreases due to temperature and/or pressure changes 


• Automatically remove annular fluid from the wells when the fluid volume in the well 
increases due to temperature and/or pressure changes 


• Monitor parameters (e.g., pressure, temperature, fluid levels, nitrogen pressure) 
associated with the pressure-maintenance system 


• Automatically cease CO2 injection to the wells when injection pressure or annulus 
pressure fall outside of prescribed limits. 


The annular monitoring system will maintain the wellhead pressure of the annular fluid between 
the tubing and the long string of casing within the pre-determined levels as specified in the 
permit. The system will maintain the annular pressure 100 psi above the pressure of the CO2 in 
the injection tubing at the depth of the packer. The annular fluid pressure will be continuously 
monitored so that CO2 injection can be halted when the annular fluid pressure falls outside the 
pre-determined range for a period that exceeds allowable limits. The annular monitoring system 
consists of a continuous annular pressure gauge, a pressurized annulus fluid reservoir (annulus 
head tank), pressure regulators, and tank fluid level indication. The annulus system will maintain 
annulus pressure by controlling the pressure on the annulus head tank using compressed 
nitrogen. The annulus pressure will be maintained between approximately 150 and 800 psi and 
will be monitored by the annular pressure gauges and the Supervisory Control and Data 
Acquisition (SCADA) system. The pressure and fluid level in the annulus head tank will be 
monitored and recorded continuously. The annulus head tank pressure will be controlled by 
pressure regulators–one set of regulators to maintain the pressure above 150 psi by adding 
compressed nitrogen and the other to relieve pressure above 800 psi by venting gas off the 
annulus head tank. Any changes to the composition of annular fluid will be reported in the next 
report submitted to the permitting agency. When the injection system is shut down, the annular 
pressure will be reduced to reduce collapse pressure on the tubing string. 











 


Well Operations Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 8 of 11 


Any changes to the injection pressure outside of the normal operating fluctuations may indicate 
that an issue has occurred with the well (i.e., loss of mechanical integrity, blockage in the tubing, 
etc.) or may be caused by a change in injection flowrate. Anomalous pressure measurements 
would trigger the need for further investigation of the cause of the change (40 CFR 146.89 (b)). 
The wellhead injection pressure will also be used to calibrate the computational modeling 
throughout the injection phase of the project. Some of these modeling computations will be used 
with the reservoir pressure data to provide a calculation correlating the wellhead pressure with 
the reservoir pressure (Testing and Monitoring Plan, Permit Section 7).  


The wellhead pressure of the injected CO2 will be measured by an electronic pressure transducer 
with analog output mounted on the CO2 line associated with the injection well. The transmitter 
will be electronically connected to the SCADA system, which can shutdown the system or 
change the flowrate depending on the pressures measured at the wellhead.  


6.7.2 Continuous Recording of Injection Mass Flow Rate  


The mass flow rate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well and connected to the 
SCADA system. The meter will have an analog output (Endress & Hauser or Micro Motion 
Coriolis Flow and Density meter or similar). The meter will be maintained and calibrated 
according to the manufacturer's specifications. 


6.7.3 Continuous Recording of CO2 Stream Temperature 


The temperature of the injected CO2 will be continuously measured for the well by an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The thermocouple will be calibrated prior to the start of 
injection operations, and the calibration will be checked periodically (e.g., quarterly) during 
regular instrument checks. The thermocouple for measuring surface injection temperature will be 
recalibrated annually or it will be replaced with a calibrated thermocouple. 


6.7.4 Downhole Pressure and Temperature  


Downhole pressure and temperature will be periodically monitored during the initial period of 
injection (approximately six months after starting injection). The downhole pressure data will be 
used to establish a correlation between the storage formation pressure and the wellhead pressure 
for more accurate estimates of downhole pressure throughout the injection phase of the project. 
These data will also be used with the mass flow rate to calculate the volume injection rate of the 
CO2 into the reservoir. During this monitoring period, the downhole pressure and temperature 
data will be recorded once every minute on retrievable gauges placed in the tubing within the 
injection reservoir.  







 


Well Operations Plan for CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 9 of 11 


6.8 Control and Alarm System 


This section describes the process that will be implemented to safely halt CO2 injection in the 
event of an injection well or equipment failure, or if the injection pressure exceeds the 
predetermined maximum level. The injection process will be monitored by pressure, 
temperature, and flow monitoring devices connected to the injection well, compressor, pipeline, 
a series or valves, and the SCADA system. The monitoring system will be capable of detecting 
when injection conditions are out of acceptable limits and responding by either adjusting 
conditions or halting injection. The system is designed to operate automatically with minimal 
operator intervention. This section presents the following: 


• A brief overview of the monitoring and control system 


• A description of the automatic shutdown of the compressor, including the annular 
pressure, injection pressure, and flow rate that will trigger pumps shutdown 


The well control system architecture and functionality, including process alarms, plant 
interlocks, shutdown alarms, and automatic shutdown sequence are described below.  


6.8.1 Control System Overview 


The proposed control system for the well consists of a SCADA system connected to the pressure, 
temperature, and flow monitoring systems and controls of the compressor, pipeline, and injection 
well. Alarms, run enable, and other critical signals will be passed between the compression 
system and the injection well through the SCADA system. User privileges and other security 
measures will be implemented to limit access to and control of the SCADA and well control 
equipment.  


Injection pressure will be determined by the pressure of the CO2 at the wellhead of the injection 
well. The compressor will have a variable-speed drive, which will be controlled to limit the CO2 
injection pressure and flow rate. A control valve will be installed on the CO2 pipeline at a 
location upstream of where the pipeline connects to the wellhead. Adjustments to the injection 
pressure can be made with the control valve if necessary to stay under the injection pressure 
limit. 


6.8.2 Process Alarms and Automatic Shutdown  


Alarms will be implemented throughout the injection system and monitored by the SCADA 
operator. Alarms are of three types:  process (non-shutdown) alarms, shutdown alarms, and 
interlock alarms. Process alarms will be used to alert the control room operator whenever process 
variables are out of the accepted operating range and operator, or maintenance action may be 
required. Shutdown alarms will indicate critical conditions. An active shutdown alarm and/or 
plant interlock will trigger an automatic shutdown sequence in which the CO2 injection process 
is automatically shut down by the well control system.  
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operations, the plant interlock will act as a run permission command for the injection process to 
start up. 
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6.2 Characteristics of CO2 Delivered to the Storage Site 


Prior to injection, the chemical and physical characteristics of the injectant CO2 will be 
confirmed using appropriate analytical methods. 


6.3 Shutdown Procedure 


The shutdown procedure will consist of three parts: 


1. The well from the wellhead down.  Downhole in the well a subsurface safety valve will 
automatically shut in an emergency shutdown situation.  This will trap all injected CO2 in 
the well and stop any leakage from the injection formation.  In a controlled shutdown 
situation, the master valve and/or wing valve on the wellhead will be shut trapping the 
CO2 in the well. A gauge at the wellhead will allow measurement of the pressure below 
the valve in the well.  This is important so that during re-startup the pressure can be 
equalized across the valve before opening the valve and continuing injection. 
 


2. The pipeline from compressor to wellhead.  The wellhead will have at a minimum two 
shut-off valves and several isolation valves to allow isolation of corrosion coupons, flow 
meters and other equipment without the need to vent the entire pipeline.  During an 
emergency shutdown both shut-off valves will close automatically due to upset 
conditions.  During a controlled shutdown the valves will be shut in sync with the 
compressor shutdown and the well head valves to ensure the CO2 in the pipeline is 
trapped until injection commences again.  During re-startup, the pressure at each end of 
the pipeline will be equalized across the valve and the valve opened to allow continued 
injection.   
 


3. The compressor. The compressor will have the ability to go into recycle mode in case of 
an emergency shutdown.  It will then be able to slowly shut down and vent trapped CO2. 


During controlled shutdown, the valve to the pipeline will be shut, trapping the CO2 in 
the pipeline and the remaining small amount of CO2 in the compressor chambers will be 
vented up a vent stack.  During re-startup the compressor will be brought online and 
compress against the closed pipeline valve until the pressure equalizes and then the 
valves will be open, and injection will continue. 
 


6.4 Proposed Carbon Dioxide Stream  
            (40 CFR 146.82(a)(7)(iii) and (iv)) and 146.86(b)(1)(v) 


6.4.1 Source of the CO2 Stream 


The Brame Energy Center, part of the Cleco Diamond Vault  facility near Boyce, Rapides Parish, 
Louisiana, is the source of the CO2. The capture, compression and injection of the CO2 will be 
operated by Cleco Power, LLC. 
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dataset. Once the injection phase commences, the CO2 injection stream will be collected from the 
CO2 delivery pipeline for analysis.  


6.5 Well Annulus Pressure Maintenance System  


The purpose of the annulus monitoring and pressure system is to maintain the annular fluid at a 
prescribed pressure. The automated annulus monitoring system that has been designed for this 
purpose is part of the comprehensive well annular pressure maintenance system. The well 
pressure maintenance system includes piping, instrumentation valves, controls, and other 
equipment to accomplish several functions, including the following: 


• Maintain a prescribed pressure on the annular fluid in the well to achieve a positive 
pressure differential across the packer 


• Automatically deliver annular fluid to the well when the fluid volume in the well 
decreases due to temperature and/or pressure changes 


• Automatically remove annular fluid from the wells when the fluid volume in the well 
increases due to temperature and/or pressure changes 


• Monitor parameters (e.g., pressure, temperature, fluid levels, nitrogen pressure) 
associated with the pressure-maintenance system 


• Automatically cease CO2 injection to the wells when injection pressure or annulus 
pressure fall outside of prescribed limits. 


The annular monitoring system will maintain the wellhead pressure of the annular fluid between 
the tubing and the long string of casing within the pre-determined levels as specified in the 
permit. The system will maintain the annular pressure 100 psi above the pressure of the CO2 in 
the injection tubing at the depth of the packer. The annular fluid pressure will be continuously 
monitored so that CO2 injection can be halted when the annular fluid pressure falls outside the 
pre-determined range for a period that exceeds allowable limits. The annular monitoring system 
consists of a continuous annular pressure gauge, a pressurized annulus fluid reservoir (annulus 
head tank), pressure regulators, and tank fluid level indication. The annulus system will maintain 
annulus pressure by controlling the pressure on the annulus head tank using compressed 
nitrogen. The annulus pressure will be maintained between approximately 150 and 800 psi and 
will be monitored by the annular pressure gauges and the Supervisory Control and Data 
Acquisition (SCADA) system. The pressure and fluid level in the annulus head tank will be 
monitored and recorded continuously. The annulus head tank pressure will be controlled by 
pressure regulators–one set of regulators to maintain the pressure above 150 psi by adding 
compressed nitrogen and the other to relieve pressure above 800 psi by venting gas off the 
annulus head tank. Any changes to the composition of annular fluid will be reported in the next 
report submitted to the permitting agency. When the injection system is shut down, the annular 
pressure will be reduced to reduce collapse pressure on the tubing string. 
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Any changes to the injection pressure outside of the normal operating fluctuations may indicate 
that an issue has occurred with the well (i.e., loss of mechanical integrity, blockage in the tubing, 
etc.) or may be caused by a change in injection flowrate. Anomalous pressure measurements 
would trigger the need for further investigation of the cause of the change (40 CFR 146.89 (b)). 
The wellhead injection pressure will also be used to calibrate the computational modeling 
throughout the injection phase of the project. Some of these modeling computations will be used 
with the reservoir pressure data to provide a calculation correlating the wellhead pressure with 
the reservoir pressure (Testing and Monitoring Plan, Permit Section 7).  


The wellhead pressure of the injected CO2 will be measured by an electronic pressure transducer 
with analog output mounted on the CO2 line associated with the injection well. The transmitter 
will be electronically connected to the SCADA system, which can shutdown the system or 
change the flowrate depending on the pressures measured at the wellhead.  


6.7.2 Continuous Recording of Injection Mass Flow Rate  


The mass flow rate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well and connected to the 
SCADA system. The meter will have an analog output (Endress & Hauser or Micro Motion 
Coriolis Flow and Density meter or similar). The meter will be maintained and calibrated 
according to the manufacturer's specifications. 


6.7.3 Continuous Recording of CO2 Stream Temperature 


The temperature of the injected CO2 will be continuously measured for the well by an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The thermocouple will be calibrated prior to the start of 
injection operations, and the calibration will be checked periodically (e.g., quarterly) during 
regular instrument checks. The thermocouple for measuring surface injection temperature will be 
recalibrated annually or it will be replaced with a calibrated thermocouple. 


6.7.4 Downhole Pressure and Temperature  


Downhole pressure and temperature will be periodically monitored during the initial period of 
injection (approximately six months after starting injection). The downhole pressure data will be 
used to establish a correlation between the storage formation pressure and the wellhead pressure 
for more accurate estimates of downhole pressure throughout the injection phase of the project. 
These data will also be used with the mass flow rate to calculate the volume injection rate of the 
CO2 into the reservoir. During this monitoring period, the downhole pressure and temperature 
data will be recorded once every minute on retrievable gauges placed in the tubing within the 
injection reservoir.  
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6.8 Control and Alarm System 


This section describes the process that will be implemented to safely halt CO2 injection in the 
event of an injection well or equipment failure, or if the injection pressure exceeds the 
predetermined maximum level. The injection process will be monitored by pressure, 
temperature, and flow monitoring devices connected to the injection well, compressor, pipeline, 
a series or valves, and the SCADA system. The monitoring system will be capable of detecting 
when injection conditions are out of acceptable limits and responding by either adjusting 
conditions or halting injection. The system is designed to operate automatically with minimal 
operator intervention. This section presents the following: 


• A brief overview of the monitoring and control system 


• A description of the automatic shutdown of the compressor, including the annular 
pressure, injection pressure, and flow rate that will trigger pumps shutdown 


The well control system architecture and functionality, including process alarms, plant 
interlocks, shutdown alarms, and automatic shutdown sequence are described below.  


6.8.1 Control System Overview 


The proposed control system for the well consists of a SCADA system connected to the pressure, 
temperature, and flow monitoring systems and controls of the compressor, pipeline, and injection 
well. Alarms, run enable, and other critical signals will be passed between the compression 
system and the injection well through the SCADA system. User privileges and other security 
measures will be implemented to limit access to and control of the SCADA and well control 
equipment.  


Injection pressure will be determined by the pressure of the CO2 at the wellhead of the injection 
well. The compressor will have a variable-speed drive, which will be controlled to limit the CO2 
injection pressure and flow rate. A control valve will be installed on the CO2 pipeline at a 
location upstream of where the pipeline connects to the wellhead. Adjustments to the injection 
pressure can be made with the control valve if necessary to stay under the injection pressure 
limit. 


6.8.2 Process Alarms and Automatic Shutdown  


Alarms will be implemented throughout the injection system and monitored by the SCADA 
operator. Alarms are of three types:  process (non-shutdown) alarms, shutdown alarms, and 
interlock alarms. Process alarms will be used to alert the control room operator whenever process 
variables are out of the accepted operating range and operator, or maintenance action may be 
required. Shutdown alarms will indicate critical conditions. An active shutdown alarm and/or 
plant interlock will trigger an automatic shutdown sequence in which the CO2 injection process 
is automatically shut down by the well control system.  
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operations, the plant interlock will act as a run permission command for the injection process to 
start up. 
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6.2 Characteristics of CO2 Delivered to the Storage Site 


Prior to injection, the chemical and physical characteristics of the injectant CO2 will be 
confirmed using appropriate analytical methods. 


6.3 Shutdown Procedure 


The shutdown procedure will consist of three parts: 


1. The well from the wellhead down.  Downhole in the well a subsurface safety valve will 
automatically shut in an emergency shutdown situation.  This will trap all injected CO2 in 
the well and stop any leakage from the injection formation.  In a controlled shutdown 
situation, the master valve and/or wing valve on the wellhead will be shut trapping the 
CO2 in the well. A gauge at the wellhead will allow measurement of the pressure below 
the valve in the well.  This is important so that during re-startup the pressure can be 
equalized across the valve before opening the valve and continuing injection. 
 


2. The pipeline from compressor to wellhead.  The wellhead will have at a minimum two 
shut-off valves and several isolation valves to allow isolation of corrosion coupons, flow 
meters and other equipment without the need to vent the entire pipeline.  During an 
emergency shutdown both shutoff valves will close automatically due to upset conditions.  
During a controlled shutdown the valves will be shut in sync with the compressor 
shutdown and the well head valves to ensure the CO2 in the pipeline is trapped until 
injection commences again.  During re-startup, the pressure at each end of the pipeline 
will be equalized across the valve and the valve opened to allow continued injection.   
 


3. The compressor. The compressor will have the ability to go into recycle mode in case of 
an emergency shutdown.  It will then be able to slowly shutdown and vent trapped CO2. 


During controlled shutdown, the valve to the pipeline will be shut trapping the CO2 in the 
pipeline and the remaining small amount of CO2 in the compressor chambers will be 
vented up a vent stack.  During re-startup the compressor will be brought online and 
compress against the closed pipeline valve until the pressure equalizes and then the 
valves will be open, and injection will continue. 
 


6.4 Proposed Carbon Dioxide Stream  
            (40 CFR 146.82(a)(7)(iii) and (iv)) and 146.86(b)(1)(v) 


6.4.1 Source of the CO2 Stream 


The Brame Energy Center, part of the Cleco Diamond Vault  facility near Alexandria, Rapides 
Parish, Louisiana, is the source of the CO2. The capture, compression and injection of the CO2 
will be operated by Cleco Power, LLC. 
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dataset. Once the injection phase commences, the CO2 injection stream will be collected from the 
CO2 delivery pipeline for analysis.  


6.5 Well Annulus Pressure Maintenance System  


The purpose of the annulus monitoring and pressure system is to maintain the annular fluid at a 
prescribed pressure. The automated annulus monitoring system that has been designed for this 
purpose is part of the comprehensive well annular pressure maintenance system. The well 
pressure maintenance system includes piping, instrumentation valves, controls, and other 
equipment to accomplish several functions, including the following: 


• Maintain a prescribed pressure on the annular fluid in the well to achieve a positive 
pressure differential across the packer 


• Automatically deliver annular fluid to the well when the fluid volume in the well 
decreases due to temperature and/or pressure changes 


• Automatically remove annular fluid from the wells when the fluid volume in the well 
increases due to temperature and/or pressure changes 


• Monitor parameters (e.g., pressure, temperature, fluid levels, nitrogen pressure) 
associated with the pressure-maintenance system 


• Automatically cease CO2 injection to the wells when injection pressure or annulus 
pressure fall outside of prescribed limits. 


The annular monitoring system will maintain the wellhead pressure of the annular fluid between 
the tubing and the long string of casing within the pre-determined levels as specified in the 
permit. The system will maintain the annular pressure 100 psi above the pressure of the CO2 in 
the injection tubing at the depth of the packer. The annular fluid pressure will be continuously 
monitored so that CO2 injection can be halted when the annular fluid pressure falls outside the 
pre-determined range for a period that exceeds allowable limits. The annular monitoring system 
consists of a continuous annular pressure gauge, a pressurized annulus fluid reservoir (annulus 
head tank), pressure regulators, and tank fluid level indication. The annulus system will maintain 
annulus pressure by controlling the pressure on the annulus head tank using compressed 
nitrogen. The annulus pressure will be maintained between approximately 150 and 800 psi and 
will be monitored by the annular pressure gauges and the Supervisory Control and Data 
Acquisition (SCADA) system. The pressure and fluid level in the annulus head tank will be 
monitored and recorded continuously. The annulus head tank pressure will be controlled by 
pressure regulators–one set of regulators to maintain the pressure above 150 psi by adding 
compressed nitrogen and the other to relieve pressure above 800 psi by venting gas off the 
annulus head tank. Any changes to the composition of annular fluid will be reported in the next 
report submitted to the permitting agency. When the injection system is shut down, the annular 
pressure will be reduced to reduce collapse pressure on the tubing string. 
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Any changes to the injection pressure outside of the normal operating fluctuations may indicate 
that an issue has occurred with the well (i.e., loss of mechanical integrity, blockage in the tubing, 
etc.) or may be caused by a change in injection flowrate. Anomalous pressure measurements 
would trigger the need for further investigation of the cause of the change (40 CFR 146.89 (b)). 
The wellhead injection pressure will also be used to calibrate the computational modeling 
throughout the injection phase of the project. Some of these modeling computations will be used 
with the reservoir pressure data to provide a calculation correlating the wellhead pressure with 
the reservoir pressure (Testing and Monitoring Plan, Permit Section 7).  


The wellhead pressure of the injected CO2 will be measured by an electronic pressure transducer 
with analog output mounted on the CO2 line associated with the injection well. The transmitter 
will be electronically connected to the SCADA system, which can shutdown the system or 
change the flowrate depending on the pressures measured at the wellhead.  


6.7.2 Continuous Recording of Injection Mass Flow Rate  


The mass flow rate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well and connected to the 
SCADA system. The meter will have an analog output (Endress & Hauser or Micro Motion 
Coriolis Flow and Density meter or similar). The meter will be maintained and calibrated 
according to the manufacturer's specifications. 


6.7.3 Continuous Recording of CO2 Stream Temperature 


The temperature of the injected CO2 will be continuously measured for the well by an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The thermocouple will be calibrated prior to the start of 
injection operations, and the calibration will be checked periodically (e.g., quarterly) during 
regular instrument checks. The thermocouple for measuring surface injection temperature will be 
recalibrated annually or it will be replaced with a calibrated thermocouple. 


6.7.4 Downhole Pressure and Temperature  


Downhole pressure and temperature will be periodically monitored during the initial period of 
injection (approximately six months after starting injection). The downhole pressure data will be 
used to establish a correlation between the storage formation pressure and the wellhead pressure 
for more accurate estimates of downhole pressure throughout the injection phase of the project. 
These data will also be used with the mass flow rate to calculate the volume injection rate of the 
CO2 into the reservoir. During this monitoring period, the downhole pressure and temperature 
data will be recorded once every minute on retrievable gauges placed in the tubing within the 
injection reservoir.  
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6.8 Control and Alarm System 


This section describes the process that will be implemented to safely halt CO2 injection in the 
event of an injection well or equipment failure, or if the injection pressure exceeds the 
predetermined maximum level. The injection process will be monitored by pressure, 
temperature, and flow monitoring devices connected to the injection well, compressor, pipeline, 
a series or valves, and the SCADA system. The monitoring system will be capable of detecting 
when injection conditions are out of acceptable limits and responding by either adjusting 
conditions or halting injection. The system is designed to operate automatically with minimal 
operator intervention. This section presents the following: 


• A brief overview of the monitoring and control system 


• A description of the automatic shutdown of the compressor, including the annular 
pressure, injection pressure, and flow rate that will trigger pumps shutdown 


The well control system architecture and functionality, including process alarms, plant 
interlocks, shutdown alarms, and automatic shutdown sequence are described below.  


6.8.1 Control System Overview 


The proposed control system for the well consists of a SCADA system connected to the pressure, 
temperature, and flow monitoring systems and controls of the compressor, pipeline, and injection 
well. Alarms, run enable, and other critical signals will be passed between the compression 
system and the injection well through the SCADA system. User privileges and other security 
measures will be implemented to limit access to and control of the SCADA and well control 
equipment.  


Injection pressure will be determined by the pressure of the CO2 at the wellhead of the injection 
well. The compressor will have a variable-speed drive, which will be controlled to limit the CO2 
injection pressure and flow rate. A control valve will be installed on the CO2 pipeline at a 
location upstream of where the pipeline connects to the wellhead. Adjustments to the injection 
pressure can be made with the control valve if necessary to stay under the injection pressure 
limit. 


6.8.2 Process Alarms and Automatic Shutdown  


Alarms will be implemented throughout the injection system and monitored by the SCADA 
operator. Alarms are of three types:  process (non-shutdown) alarms, shutdown alarms, and 
interlock alarms. Process alarms will be used to alert the control room operator whenever process 
variables are out of the accepted operating range and operator, or maintenance action may be 
required. Shutdown alarms will indicate critical conditions. An active shutdown alarm and/or 
plant interlock will trigger an automatic shutdown sequence in which the CO2 injection process 
is automatically shut down by the well control system.  
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operations, the plant interlock will act as a run permission command for the injection process to 
start up. 
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1.0 Project Narrative 


1.1 Project Background and Contact Information 


Cleco Power, LLC’s primary goal of the Cleco Diamond Vault Project is to capture and 
sequester carbon dioxide (CO2) near Boyce, Rapides Parish, Louisiana. The project is planned as 
a multi injection well facility with six injection wells being proposed. Three well pads will each 
host two injection wells targeting different injection formations: the Wilcox 1 and the Wilcox 2. 
Each well will be drilled from a land-based location and have an S-shaped trajectory, returning 
vertically above the confining layer with injection zones under Lake Rodemacher. 


In compliance with Environmental Protection Agency (EPA) Underground Injection Control 
(UIC) Class VI regulations, each injection well will be permitted separately. 


This document (and associated sections) forms the Class VI application for injection well 
CLDR-IW1.  


An overview of the project site is presented in Figure 1-1 which shows the location of the six 
proposed injection wells relative to Lake Rodemacher and local infrastructure. The Area of 
Review (AoR) for the project is also shown. This AoR encompasses the combined pressure front 
at the end of injection from all injection wells. 


Figure 1-2 shows the eastern well pad with CLDV-IW1 (the subject injection well of this permit 
application), highlighted. 


The data used in the preparation of this permit application are based on extensive regionally 
available sources. It is anticipated that this information will be updated with data acquired from a 
stratigraphic test well (STW). The STW will be centrally located within the AoR and will be 
drilled to reduce uncertainty in the characterization of the geomechanical and hydrogeological 
subsurface at the project site. Extensive wireline logging, coring, fluid sampling, and formation 
hydrogeologic testing will be performed. These data will be incorporated into the static earth 
model and dynamic models (Permit Section 2) from which the AoR is derived. 
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Figure 1-1: Cleco Diamond Vault Project showing proposed location of six injection wells, AoR and local 
infrastructure. 
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Figure 1-2: Map view of eastern well pad showing location of CLDV-IW1. 
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1.1.5 Injection Depth Waiver or Aquifer Exemption Requested 


No injection depth waiver or aquifer expansion is being sought as part of this permit application. 


1.1.6 Other Administrative Information 


Table 1-4 provides the administrative information for this Class VI injection well permit 
application as required by 40 CFR 144.31(e)(1 through 6).  


Table 1-4: General Class VI CO2 injection well permit application information. 


1.2 Site Characterization 


1.2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 
146.82(a)(3)(vi)] 


The Cleco Diamond Vault facility is located northwest of the town of Boyce in Rapides Parish, 
Louisiana. The facility sits within the Western Gulf Coastal Plain in central Louisiana on the 
northern flank of the Gulf Coast Basin and at the southern end of the Mississippi Embayment 
(Figure 1-3). This region has favorable geology for carbon storage in porous and permeable deep 
saline formations interstratified with low porosity and low permeability caprocks. In the Gulf of 
Mexico Basin and throughout the Gulf Coast, deposition of Jurassic to Holocene-age 
sedimentary rocks began due to the breakup of Pangea and associated crustal extension and 
expansion of the seafloor during the Mesozoic (Sawyer et al., 1991). Over 15,000 ft of sediments 
in the study area thicken and gently dip from north to south towards the Gulf of Mexico. The 
deep saline storage reservoirs and caprocks at and near the Cleco site are comprised of Cenozoic-
age sandstone and shale. 
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The site is bordered by the Sabine Uplift, North Louisiana Salt Basin, and La Salle Arch to the 
north and the South Louisiana Salt Basin to the south (Figure 1-3). Other structural elements 
include salt domes in the salt basin regions north and south of the site and the Angelina Caldwell 
Flexure, which extends from central Texas into Louisiana (Dennen and Hackley, 2012). The 
study area is located on the stable shelf north of the Wilcox expanded fault zone, where growth 
faults are present due to the deposition of large volumes of sediment on an unstable shelf margin. 
No regional faults are mapped in the immediate Cleco site location. 


 


Figure 1-3: Map of northern Gulf Coast Basin structural features including basins, uplifts, and other 
structural features. The Cleco Diamond Vault site is denoted by the yellow star in central Louisiana. 


Abbreviations: K, Cretaceous; LK, Lower Cretaceous; LA, Louisiana. Modified from Warwick (2017). 


 


The region has favorable geology for carbon storage in the clastic rocks of the Paleocene- to 
Eocene-age Wilcox Group and the Carrizo Sandstone. The primary storage reservoir identified at 
the Cleco Diamond Vault facility is the Wilcox Group, which is a 3,500-foot-thick sequence of 
clastic rocks with dominate lithologies of sandstone and shale (Carlson and Van Biersel, 2009; 
Warwick, 2017). Storage capacity within the Wilcox Group is found within the pore space of 
coarse-grained, quartz-rich sediments (Dutton et al., 2015). Regionally, the Wilcox Group is 
often divided into two units, which are separated at the base of a regionally extensive shale in the 
upper zone, the Big Shale (Galloway, 1968; Tye, 1991). In this project, the upper Wilcox unit is 
referred to as the Wilcox 1, and the lower Wilcox unit is referred to as the Wilcox 2.  
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1.2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 


At the Cleco Diamond Vault site location and surrounding area, there is no evidence of 
subsurface faults or structural features that would impact the integrity of the confining zones. 
Thus, there is low containment risk for interference of injected CO2 with the shallower USDWs. 
The deepest USDW at the Cleco Diamond Vault facility is the Oligocene-age Catahoula 
Formation, which is found at an estimated depth of 660 ft in the CLDV-IW1 well. The top of the 
Cane River confining zone is 3,713 ft below surface, which is 2,627 ft below the base of the 
Catahoula Formation in the CLDV-IW1 well. The exact spatial relationship between the 
lowermost USDW and the injection and confining zones will be confirmed during the drilling of 
STW. Additionally, the Cook Mountain Formation, the Jackson Group, and the Vicksburg Group 
serve as secondary confining zones between the primary confining zone and the lowermost 
USDW. The depths of these secondary confining zones in the CLDV-IW1 well are labeled on 
the stratigraphic column in Figure 1-4.  


The formations found in the subsurface of the Cleco Diamond Vault facility are locally 
correlative and laterally extensive across the region. This was evaluated and confirmed through 
regional reports, cross sections and maps, and well and seismic data correlations throughout the 
immediate site location and surrounding area. Regional structure and thickness maps for these 
units and further detail about data types used can be found in Section 1.2.4 Major geologic units 
and their stratigraphic relationships are depicted in the regional cross section shown in Figure 1-
5, where the Cleco Diamond Vault site location is denoted with a yellow star.  
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Figure 1-5: Geologic cross section from west to east Louisiana featuring the structural configuration of 
subsurface strata that contains the target injection zone and caprock, as well as the deepest USDW. 


Modified from Whiteman and Martin, 1984. 


A map of the AoR, existing wells within the AoR, and proposed injection wells is shown above 
in Figure 1-1. The Cleco Diamond Vault facility has a total of 23 shallow groundwater 
monitoring wells on site. These wells are part of an established groundwater monitoring system 
around the various ash and metal ponds in the facility. These wells vary in depth from 50 to 300 
ft and are used to test for various parameters such as pH, conductivity, chloride, sulfate, arsenic, 
among others in shallow groundwater aquifers such as the Carnahan Bayou Aquifer. 
Additionally, an air monitoring program is in place at the Cleco Diamond Vault site.  


1.2.3 Faults and Fractures [40 CFR 146.82(a)(3)(ii)] 


Large faults and their associated fractures have predominantly been identified in the 
northwestern and southern areas of Louisiana (Stevenson and McCulloh, 2001) in the North 
Louisiana Fault Zone and the Wilcox Fault Zone, respectively. However, the stable shelf region 
of central Louisiana is not known to be a heavily faulted area, and no major faults have been 
identified near the site location in Rapides Parish (Figure 1-6). Additionally, regional evaluations 
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confirm the absence of salt domes in the site area, which are typically associated with faults and 
fractures. Therefore, no faults or fractures are expected to impact the integrity of the confining 
zone and the containment of injected CO2 at the site location. This was further evaluated with 
multiple two-dimensional (2D) seismic lines. Three 2D seismic lines were licensed to conduct a 
preliminary assessment of the presence or absence of large-scale faults near the Cleco facility. 
This assessment found no evidence of significant faulting in the study area. This will be 
evaluated in more detail and confirmed by collecting image logs and whole core samples from 
the STW. An example of one of the licensed 2D seismic lines (80-378-185) is shown in Figure 1-
7.  


 


 


Figure 1-6: Map of major faults in Louisiana. The Cleco Diamond Vault site is denoted by the yellow 
star. Modified from Stevenson and McCulloh (2001). 
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Figure 1-7: Example of licensed 2D seismic line (80-378-185) acquired through the study area. 
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1.2.4 Injection and Confining Zone Details [40 CFR 146.82(a)(3)(iii)] 


Confining Zone: Cane River Shale 


The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Wilcox Group and Carrizo Sandstone and below the Sparta Sandstone. In the site location, the 
top of the Cane River is found at depths of -3063to -3550 ft true vertical depth sub-sea (TVDss), 
and the gross thickness ranges between 325 and 355 ft. Depth and thickness across the AoR were 
determined by picking formation tops from digital well log data proximal to the site. These were 
gridded using a convergent interpolation algorithm from Schlumberger's Petrel® and contoured 
in TVDss and all surface maps were quality control checked using the 2D seismic lines. Maps of 
the top structural surface and the thickness of the Cane River are presented in Figure 1-8. 


Injection Interval: Wilcox Sandstone 
For this project, the regionally extensive Wilcox Group was divided into an upper Wilcox 1 and 
lower Wilcox 2 based on the presence of a regional shale called the Big Shale (Galloway, 1968; 
Tye, 1991). In the AoR, the top of the Wilcox 2 injection zone is found at depths between 5,602 
and 7,733 ft below surface, and the gross thickness ranges between 2037 and 2257 ft. Maps of 
the top structural surface and the thickness of the Wilcox 2 are presented in Figure 1-9. At these 
depths, pressure and temperature conditions are high enough to sustain a supercritical phase of 
the injected CO2 at the site. The modest variation in thickness demonstrates no evidence of local 
formation pinch our or faulting that would affect CO2 storage. 


  


 


Figure 1-8: Structural map showing measured depth from the surface to the top of the Cane River (left) 
and Cane River formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 
200 ft and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed 


line indicates the Dynamic Reservoir Model boundary. The white outline indicates Cleco land boundaries. 
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Figure 1-9: Structural map showing measured depth from the surface to the top of the Wilcox 2 (left) and 
Wilcox 2 formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 200 ft 
and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed line 
indicates the Dynamic Reservoir Model boundary. The white outlines indicate Cleco land boundaries. 


Much of the subsurface data analyzed in this study are derived from regional wells with modern 
wireline log data, as well as historical log data from wells proximal to the site. Twenty-five wells 
from across the region were acquired that provided: 1) multiple log types of interest, 2) adequate 
spatial and depth coverage, 3) core analysis data, and 4) checkshot or velocity survey data. Eight 
wells were not used to inform model properties due to poor log data quality, although they were 
able to be used to develop structural surfaces. Of the remaining logs, 17 supplied regional and 
local measurements of in-situ physical rock properties, such as porosity, at depths that captured 
the entirety of the target reservoir and caprock formations. One well with routine core analysis 
data provided two data points in the Carrizo/nine data points in the Wilcox 1/three data points in 
the Wilcox 2. The wireline log and core data are consistent with observations pertaining to depth, 
thickness, lateral extent, and lithology from the three 2-D seismic lines shown in Figure 1-10 and 
discussed further in Section 1.2.3. These datasets enabled the project to interpret crucial 
subsurface information regarding the lithology and quality of the reservoir and caprock and 
calculate rock properties. 


Current interpretations of the injection and confining zones at the Cleco Diamond Vault site will 
be confirmed by routine and advanced datasets acquired from the stratigraphic test well as 
detailed in the Pre-operational Testing Plan. Site-specific geologic core and special core analysis 
will confirm porosity and permeability, mineralogy, capillary pressure, and relative permeability 
as specified by EPA (2012) [40 CFR 146.82(a)(3)(iii)]. Additionally, geomechanical data in the 
storage zone will confirm the maximum injection pressure, rock strength, and in-situ fluid 
pressure as specified by EPA (2012) [40 CFR 146.82(a)(3)(iv)]. 
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Figure 1-10: Map of the wells selected for log data analysis and location of purchased 2D seismic lines. 
The well highlighted in red was used to create a well-tie to tie the seismic time data to depth for 


integration into the model. 


Sediments of the upper Cane River consist of brown clay, and the lower Cane River is composed 
of glauconite and glauconitic marl. At the basal contact of the Cane River and Carrizo, brown 
quartzose sand with minor glauconite is present. Minor constituents include carbonaceous 
minerals in the upper Cane River and fine quartz sand grains (Choung, 1975). An in-depth 
mineralogical assessment of the Cane River is necessary to evaluate the potential effects of 
injected CO2 on its competence as caprock. Data and rock samples collected from the 
stratigraphic test well will be used to confirm that the mineral composition of the Cane River is 
conducive to confining CO2.  


The Wilcox Group is a heterogeneous formation composed of very fine- to coarse-grained 
sandstone with frequent shale interbeds (Dutton et al., 2015).  The sandstones that compose the 
Wilcox Group are abundant in feldspars and lithics and are predominately characterized as 
felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). Figure 1-11 displays a ternary 
diagram of the composition of Wilcox Group samples collected from Louisiana and Texas. 
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Quartz is the most common mineral found in the rocks of the Wilcox Group, with calcite and 
ankerite being the next most prevalent, and numerous other minerals identified in minor volumes 
(Loucks and Dutton, 2019). Cementation (primarily quartz cementation) makes up 10 to 35% of 
the rock volume of the Wilcox Group. As with the Carrizo Sandstone, the prevalence of quartz 
cement in the Wilcox Group has positive implication for CO2 injection, as quartz cemented rocks 
are naturally resistant to the potentially corrosive effects of long-term exposure to injected CO2. 
Table 1-5 summarizes the mineralogical make-up of the Wilcox Group. 


 


 


Figure 1-11: Ternary diagram displaying the compositional make up of rock samples collected from the 
Wilcox Group in Texas and Louisiana (Loucks and Dutton, 2019).  
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Wilcox Group Mineralogy 


Major 
Minerals 


Quartz 
Calcite 
Ankerite 


Minor 
Minerals 


Albite 
Chlorite 
Dolomite 
Glauconite 
Illite 
Illite-Smectite mix 
Kaolinite 
Leucoxene 
Pyrite 
Siderite 
Sphene 


Table 1-5: Mineralogical composition of rock samples collected from the Wilcox Group in Texas and 
Louisiana (Loucks and Dutton, 2019). 


 


Based on the Department of Energy (DOE)-National Energy Technology Laboratory (NETL) 
methods for static volumetric calculations (Levine et. al, 2016), the estimated storage capacity 
for the Wilcox 2 within the AoR is approximately 10.3 MMt of CO2 per mi2. Inputs for 
thickness and porosity were determined by calculating the average net thickness and effective 
porosity values across the AoR for the Wilcox 2 (1265 ft and 11%, respectively). Then, the input 
for the density of CO2 was calculated using the same temperature and pressure gradients as the 
reservoir model, which were applied to the midpoint depth for the Wilcox 2 in the center of the 
AoR (approximately 6400 ft below ground surface). The initial water saturation from relative 
permeability was used, and storage efficiency factors were applied. The same workflow applied 
to the Wilcox 1 results in a storage capacity estimation of approximately 5.5 MMt of CO2 per 
mi2. The Cane River has a low average porosity and permeability of 3.48% and 0.012 mD, 
respectively. The tight, impermeable nature and the lack of faults and fractures in this formation 
indicate that it will serve as an adequate confining zone.  


1.2.5 Geomechanical and Petrophysical Information [40 CFR 146.82(a)(3)(iv)] 


Petrophysical analysis was conducted to integrate available log data in the study area, generate 
the porosity log curves used to populate the static earth model (SEM), and determine the storage 
reservoir properties. The logs compiled as part of the data collection effort, detailed in Section 
1.2.4, were first edited, and normalized as part of the quality control procedure to eliminate 
erroneous data points, correct for varying signal intensities, and establish consistent readings 
between wells. A lithologic log representing the fraction of clay with depth, Vclay, was 
generated and integrated with core data and routine porosity logs to calculate refined porosity 
curves, and subsequently, permeability curves. The permeability log was further refined by rock 
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type after modeling hydraulic facies, or zones of rock that have comparable properties 
controlling fluid flow.  


Additional geomechanical and petrophysical properties will be evaluated and confirmed through 
well tests, wireline logs, and laboratory analyses of core samples from the STW. Geomechanical 
properties of the target and confining zone will be confirmed from minifrac test analysis and 
dipole sonic logs. The geomechanical integrity of the confining zone is confirmed if its fracture 
pressure exceeds the target zone’s. Data will be collected in the STW using wireline logging 
tools such as the dipole sonic to determine elastic rock properties such as Young’s modulus, 
stresses and Poisson’s ratio which will be used as an accuracy check for the minifrac data in case 
of any operational issues during testing.  


1.2.6 Seismic History [40 CFR 146.82(a)(3)(v)] 


The seismic history for the area was characterized using publicly available data from the United 
States Geological Survey (USGS) and the Louisiana Geological Survey (LGS). Louisiana is 
largely a seismically inactive state in which earthquakes have historically occurred with low 
frequency and magnitude. Extensive faulting is present in the northwestern and southern areas of 
Louisiana. However, these faults are primarily growth faults associated with sediment loading 
and are not seismically active. No recorded earthquakes in Louisiana have been definitively 
attributed to any of the mapped fault systems in the state (Stevenson and McCulloh, 2001). Eight 
earthquakes have been recorded in Louisiana in the last 100 years (1923–2023); only two were 
greater than 3.5 M, and none occurred within 80 miles of the project site (Figure 1-12). Of these 
earthquakes, all have occurred at depths of 5 km or greater, apart from one that occurred at a 
shallower depth of 0.4 km. Additionally, one occurred in 1930 in which the depth is unknown 
(USGS, 2023). 


The absence of recorded earthquakes near the Cleco Diamond Vault project site is consistent 
with the regional seismic hazard map published by the USGS (2014), which designates central 
Louisiana as a low-risk area for seismic activity. There is a 2% probability that the level of 
horizontal shaking, or peak ground acceleration (PGA), due to seismic activity will exceed 4 to   
8% of the acceleration due to gravity within 50 years (Figure 1-13). 
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Figure 1-12: Earthquakes in Louisiana greater than or equal to 2.5 magnitude since 1900 (modified from 
USGS, 2023). 
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Figure 1-13: 2014 regional seismic hazard map for Louisiana (USGS, 2014). 


 


1.2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 


To further understand the subsurface underlying the Cleco Diamond Vault site, an assessment of 
the local hydraulic and hydrogeologic conditions was completed. This included a review of the 
hydrostratigraphy, groundwater flow direction, and salinity of shallow and deep aquifers in 
Rapides Parish, Louisiana. This assessment benefited from the work of Griffith (2009), which 
reviewed the hydrogeology, including water quality, of Rapides Parish. This work used a cutoff of 
250 mg/L chloride concentration to determine the freshwater-saltwater interface (as opposed to 
10,000 mg/L total dissolved solids [TDS] cutoff for the lowest USDW interface), as shown in the 
subsequent maps. 


Table 1-6 and Figure1-14 display the shallow subsurface hydrostratigraphy of Rapides Parish, 
Louisiana. Regionally, there are seven aquifers containing freshwater (USDWs) in Rapides 
Parish, as well as three confining units that separate them into four groups (Griffith, 2009). Each 
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of these aquifers occur in rocks composed of clastic sediments of varying sizes (clay, silt, sand, 
gravel) with the sand/sandstone beds of the formations being most amenable to freshwater 
production. The confining layers separating the aquifer systems are composed primarily of clay 
and silt, rendering them impermeable (Griffith, 2009).  


The spatial distribution of these seven aquifers varies throughout the Parish. Locally, there are 
five aquifers present in the subsurface beneath the Cleco project site: the Red River Alluvial, the 
Chicot Aquifer System, the Upland Terrace Aquifer, the Carnahan Bayou Aquifer, and the 
Catahoula Aquifer (Figures 1-15, 1-16, and 1-17). The Red River Alluvial aquifer is a 
predominately freshwater aquifer that extends roughly through the middle of Rapides Parish in a 
northwest to southeast direction. Its depth varies across Rapides Parish, ranging in elevation 
from 0 to 80 ft above the National Geodetic Vertical Datum of 1929 (NGVD), and it is at or near 
its shallowest points near the Cleco Diamond Vault site. Groundwater movement in the Red 
River Alluvial aquifer varies locally, however in general the waters that comprise the aquifer 
generally flow in an eastward direction. The Chicot and Upland Terrace aquifers merge in 
southwestern Rapides Parish and are treated as one large freshwater aquifer. Groundwater flow 
in the Chicot and Upland Terrace Aquifers is complex and flows in multiple directions 
throughout the Parish, generally in the direction of a nearby surface water stream. Considerable 
variation exists in altitude of the Chicot and Upland Terrance aquifers, as it varies in elevation 
from 80 ft above to 40 ft below NGVD and is about 40 ft above NGVD near the Cleco Diamond 
Vault site. The Carnahan Bayou Aquifer is the most extensive of the six regional aquifers, 
encompassing all of Rapides Parish. Water quality varies considerably in the Carnahan Bayou 
Aquifer, with most of the aquifer being comprised of saltwater or mixed saltwater and 
freshwater. Despite this, a significant portion of the Carnahan Bayou aquifer contains freshwater, 
notably in northern Rapides Parish. The surface of the Carnahan Bayou aquifer ranges in 
elevation from roughly 100 ft above NGVD to 200 ft below NGVD and is locally approximately 
0 ft above NGVD near the Cleco site. Groundwater flow in the Carnahan Bayou aquifer is 
related to groundwater withdrawal and usage and trends towards the cities of Alexandria and 
Pineville and the Kisatchie well field.  
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Figure 1-14: Hydrogeologic stratigraphic cross section of Rapides Parish, LA  
(modified from Griffith, 2009) 
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Figure 1-15: Map displaying the spatial extent and general direction of groundwater flow of the Red River Alluvial Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-16:  Map displaying the spatial extent and general direction of groundwater flow of the Chicot Aquifer in Rapides, Parish LA (modified 
from Griffith, 2009). 
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Figure 1-17:  Map displaying the spatial extent and general direction of groundwater flow of the Carnahan Bayou Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 


 







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 36 of 83 


 
Figure 1-18: Total dissolved solids (salinity) concentration map for the Carrizo Sandstone and Wilcox Group in Louisiana (modified from 


Pettijohn et. al, 1988). Colors indicate TDS concentrations. The Cleco study area, highlighted by the yellow star, has TDS concentrations of 
approximately 70,000 mg/L for the Carrizo and Wilcox. 
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In addition to reviewing shallow subsurface freshwater aquifers in Rapides Parish, it was also 
necessary to review the salinity levels of the potential saline reservoir injection targets. Saline 
reservoirs in Louisiana were researched by Pettijohn et al. (1988) in their work focusing on the 
aquifers and hydrogeology of the Tertiary System in the Gulf of Mexico Coastal Plain. This 
work included the creation of a map detailing the salinity of the reservoirs within the Wilcox and 
Claiborne Groups. This map indicates the salinity of these units becomes increasingly saline 
towards the southern portions of Louisiana, as well as with increasing depth, with the Carrizo 
and Wilcox mapped as having TDS values of approximately 70,000 parts per million (ppm) 
(Figure 1-18). Additional to this map, salinity calculations were derived from well logs in the 
immediate vicinity of the Cleco property to confirm TDS values found in literature (Figure 1-
19). These maps, along with well log calculated salinity, support that water in the target storage 
formations is sufficiently saline in the study area to permit CO2 storage projects. 


Local log data shows a range of salinities, which is likely due to the vintage of the resistivity logs 
(Figure 1-19) and thus likely a measurement error. However, all wells show salinities 
significantly greater than 10,000 ppm for each injection zone, which is the regulatory lower 
limit. Calculated salinity values are consistent with regional literature (Carlson and Van Biersel, 
2009; Pettijohn et al, 1988). These apparent water resistivity (Rwa)-derived salinity values 
should be considered a minimum salinity. Local mapping of greater than 70,000 ppm is highly 
likely for each zone. 
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1.2.8 Geochemistry [40 CFR 146.82(a)(6)] 


Regional geochemical data provide insights into the reservoir water salinity (TDS) of the Carrizo 
Formation, Wilcox Group, and multiple overlying USDWs at the project site. However, site 
specific geochemistry data are not currently available due to a lack of subsurface water samples. 
The acquisition of these data will be completed during the installation of an onsite STW. Water 
samples will be collected for aqueous and solid-phase geochemical data through analysis of 
major cations and anions, trace metals, and general geochemical properties (i.e., pH, TDS, 
alkalinity, etc.). These analyses will be used to determine: 


• The deepest USDW at the project site 
• Baseline geochemical data for the project site that can be used to evaluate the migration    
       of CO2 and brine waters at the site 
• Current geochemical equilibrium conditions to evaluate the saturation relationship  
       between the dissolved and solid-phase minerals at the site   
• Geochemical reactions that may occur from the injection of CO2 
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The analysis of onsite geochemical properties in the subsurface reservoirs above and within the 
injection zones will confirm the intervals identified for CO2 storage meet the criteria outlined for 
Class VI permit approval. 


1.2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 


No surface air and/or soil gas data were collected at the Cleco site location.  


1.2.10 Site Suitability [40 CFR 146.83] 


An extensive set of subsurface data have been analyzed at the Cleco Diamond Vault site to 
support the evaluation of site suitability. The integration of well logs, 2D seismic, and regional 
maps and cross sections confirm the lateral extent of the target reservoir and confining zone, as 
well as the absence of faulting and structural features at the site location and surrounding area 
that would impact the integrity of the confining zone. Therefore, the containment risk is low, and 
no secondary confinement zone is necessary for USDW protection. Additional well and rock 
data collected from a site characterization well will provide further geomechanical data to 
support the integrity of the confining zone.  


The Cleco Diamond Vault site location is also suitable for CO2 sequestration due to its favorable 
target reservoir lithologies. The Wilcox 1 and 2 are composed of sandstones with interbedded 
shales.  The sandstones have a predominantly felspathic and lithic mineralogy and are 
categorized as felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). The most 
common mineral in the sandstones of the Wilcox 1 and 2 is quartz followed by calcite and 
ankerite, as well as numerous accessory minerals present in minor volumes (Loucks and Dutton, 
2019). Additionally, quartz cementation makes up 10 to 35% of the rock volume of the Wilcox 1 
and 2. The prevalence of quartz cement has positive implications for CO2 injection because 
quartz-cemented rocks are naturally resistant to the potentially corrosive effects of long-term 
exposure to injected CO2. Furthermore, although neither the CO2 stream nor formation waters 
are expected to be highly corrosive, the injection well materials that come in contact with the 
CO2 stream and/or reservoir brines will be constructed of corrosion-resistant materials, such as 
13CR steel, or similar. For example, the casing string across the Wilcox 1 and 2, the packer, and 
deep portion of the tubing with be constructed with corrosion-resistant materials.   


 
 


 
 


 
 


The target reservoirs for injection (Wilcox 1 and 2) are fluvial deltaic in origin. Their resulting 
geometries are influenced by the orientation of the main sediment source during deposition, 
which ultimately influences the direction of plume migration for the injected CO2. The main 
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determine an AoR for CO2 injection at the Cleco Diamond Vault project site. The SEM is a 
three-dimensional (3D) geocellular model that represents the porosity and permeability of 
different stratigraphic formations, most notably, the intended CO2 storage formation and 
overlying confining layer. This type of model was selected as it offers the best options for 
quantifying, representing, and visualizing the subsurface geologic interpretations for the site. The 
purpose of this model is to represent available pore volume and enable the estimation of CO2 
storage capacity. Primarily, this geologic model serves as the framework (in terms of delineating 
zones, surfaces, permeability, and porosity) for computational modeling of CO2 injection.  


The computational modeling to simulate CO2 injection into the saline aquifer was performed 
using a 3D multiphase flow simulator CMG-GEM 2016 version (CMG-GEM, 2016). In addition 
to the geological framework imported from the SEM, additional parameters, such as relative 
permeability data, initial conditions, phase behavior model, and well and perforation parameters, 
were added to the computational model to complete the dynamic modeling. CMG-GEM is an 
equation-of-state based compositional simulator that models the phase behavior of brine and CO2 
plumes during the injection and post-injection phases of a project. Multiple phases were 
accounted for in the computational model including aqueous, gas, and supercritical phases.  


Modeling multiphase flow processes in porous media, with all components as described above, 
enables: 


• Estimation of pressure buildup in the storage formation – confining layer system  


• CO2 phase behavior at storage reservoir condition  


• CO2 saturation to determine plume extent in the storage formation (Wilcox 2 Sandstone)  


• Ensure confining layer sealing capabilities  


The estimated CO2 saturation map and pressure buildup from modeling multiphase flow 
processes will predict CO2 movement during the injection and post injection periods and 
delineate the AoR. 
  


1.4 Permit Section 3.0: Financial Responsibility  


The Financial Responsibility Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(14) and 146.85.  


1.5 Permit Section 4.0: Injection Well Construction  


1.5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 


No completion stimulation is planned at this time because the reservoir quality is expected to be 
adequate for the planned injection volumes. 
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1.5.2 Construction Procedures [40 CFR 146.2(a)(12)] 


A newly drilled injection well (CLDV-IW1) will be constructed at the Cleco Diamond Vault 
facility near Boyce, Louisiana, to meet the requirements of 40 CFR 146.86.  


1.5.3  Casing and Cementing 


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor, surface, and 
intermediate casing sections will all be carbon steel. The deep casing string will be constructed 
with corrosion-resistant chrome (13CR) across the reservoir and caprock to total depth (TD) and 
carbon steel from above the caprock to surface. This section of the wellbore is expected to have 
intermittent exposure to CO2-formation water mixed fluids especially in the initial phases of 
injection and intermittently when well workovers are performed throughout the life of the 
project. Although the expected water content of the injectate stream will be less than 50 ppm, the 
injection tubing string and flow-wetted injection tree components will be composed of corrosion-
resistant materials.  


Table 1-7 summarizes the casing program for the injection well and Table 1-8 summarizes the 
cement program. All casing strings will be cemented to surface and any changes to the final well 
design will be discussed with the UIC Director or representative.   


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW. 


Table 1-7: Casing details. 
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Table 1-8: Cement program for the CO2 injection well. 


After the well has been completed, a cement bond log – variable density log (CBL-VDL) and 
advanced ultrasonic cement evaluation log will be run of the entire depth of the long casing 
string shortly after completion of the injection well to confirm that the casing string was properly 
cemented. A baseline temperature measurement will also be acquired from surface to TD to 
provide initial temperature conditions over the well.  


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 pounds per gallon (ppg).  Final choice of 
the type of fluid will depend on availability and wellbore conditions. 


1.6 Permit Section 5.0: Pre-Operational Logging and Testing  


The Pre-Operational Logging and Testing Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(8) and 40 CFR 146.87. 


This plan describes the pre-operational formation testing program implemented to characterize 
the chemical and physical features of the injection zone and confining zone at the Cleco 
Diamond Vault Project. The data set from STW will form the base of the pre-operational data 
set. A thorough logging and testing plan will be completed including wireline logging, side wall 
cores and whole core, fluid sampling and injection testing.   


1.7 Permit Section 6.0: Well Operations 


1.7.1 Operational Procedures [40 CFR 146.82(a)(10)] 


This section describes the source of the CO2 that will be delivered to the storage site, its chemical 
and physical properties, flow rate, and the anticipated pressure and temperature of the CO2 at the 
pipeline outlet. In addition, this section provides the monitoring that will be performed on the 
injection well to confirm that it does not provide a conduit from the storage formation to above 
confining zone water sources, USDW sources, or the surface. 
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baseline dataset. Once the injection phase commences, samples of the CO2 injection stream will 
be collected from the CO2 delivery pipeline for analysis every three months.  


1.8 Permit Section 7.0: Testing and Monitoring 


The Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.82(a)(15) and 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with CO2 injection into the subsurface. Goals of the 
monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting USDWs 
• Ensuring that the injection well is operating as planned 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support AoR re-evaluations over the course of the project 


The Testing and Monitoring Plan will be adaptive over time in that the plan can be adjusted to 
respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 1-1 illustrates the modeled AoR over the 12-year injection period.  


The Testing and Monitoring Plan will outline several direct and indirect technologies used 
throughout the injection and PISC phases of the project that will monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest and the deepest water-


bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan (Permit Section 6.0). Table 1-11 summarizes 
the proposed testing and monitoring plan for the project.  







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 46 of 83 


The well integrity of the injection and deep monitoring wells will be monitored using a range of 
internal and external mechanical integrity evaluation methods. Initially, a mechanical integrity 
test (MIT) will be performed on the injection well following the well completion to confirm 
internal integrity as per the Pre-Operations Testing Plan, Permit Section 5, (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)).  


Pressure fall-off tests (PFOs) will be conducted in the injection formation in the injection well 
when they are drilled to establish the hydrogeologic characteristics of the storage formation (Pre-
Operational Testing Plan, Permit Section 5). During the injection phase of the project, a PFO will 
be conducted in the injection well at least once every five years.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). The shallow 
groundwater monitoring program will consist of a network of wells within the AoR. 
Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
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pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation. A robust deterministic seismic forward modeling project will be undertaken to 
demonstrate that this technique can successfully detect subsurface changes associated with CO2 
injection at this site (Section 7.8.5). 


Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 
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1.9 Permit Section 8.0: Injection Well Plugging 


The Injection Well Plugging Plan describes how Cleco Power, LLC will plug the injection well 
pursuant to 40 CFR 146.82(a)(16) and 146.92.  


A Notice of Intent to plug the well will be submitted to the EPA at least 60 days prior to the 
plugging operations (40 CFR 146.92 (c)). After the project has verified that there are no external 
well integrity issues, the well will be flushed with buffer fluid to remove any fluids or 
particulates that may be present in the well. The injection well casing will be plugged with 
cement to ensure that it does not provide a conduit outside the injection zone. Table 1-11 shows 
the intervals that will be plugged as well as the materials and methods that will be used to plug 
the intervals.  


Table 1-11: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
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1.10 Permit Section 9.0: Post-Injection Site Care (PISC) and Site Closure 


The PISC and Site Closure Plan describes the activities that Cleco Power, LLC will perform to 
meet the requirements of 40 CFR 146.82(a)(18) and 146.93(c). 


Cleco Power, LLC will monitor groundwater quality and track the position of the CO2 plume and 
pressure front for 10 years after the cessation of injection, which is the anticipated timeline for 
CO2 plume and pressure front stabilization.  


Based on the modeling of the pressure front as part of the AoR delineation, pressure at the 
injection well is expected to decrease to pre-injection levels in less than 10 years. Additional 
information on the projected post-injection pressure declines and differentials is presented in the 
permit application and the AoR and Corrective Action Plan (Permit Section 2.0). 


1.11 Permit Section 10.0: Emergency and Remedial Response  


The Emergency and Remedial Response Plan (ERRP) is submitted to meet the requirements of 
Plan 40 CFR 146.82(a)(19) and 146.94(a). 


The ERRP provides actions that Cleco Power, LLC will take in the event of an emergency and to 
address movement of CO2 or formation fluid that may endanger an USDW during the 
construction, operation, or PISC periods. 


If evidence indicates that the injected CO2 stream, formation fluids, and/or associated pressure 
front may cause an endangerment to a USDW, the following actions must be performed: 


1. Initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release or migration. 
3. Notify the permitting agency/UIC of the emergency event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 
Cleco Power, LLC will immediately cease injection. However, in some circumstances, Cleco 
Power, LLC will, in consultation with the UIC Director, determine if a gradual cessation of 
injection is appropriate. If a non-emergency shutdown of the CO2 injection system is required, 
the operator will complete the shutdown in a stepwise approach to prevent over-pressure 
situations and/or damage to the equipment.  Efforts will also be made to maintain the CO2 in the 
injection stream in a supercritical phase to prevent special operations during the restart of the 
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system.  Also, override of certain relays may be required to properly and safely shutdown the 
system. 


1.12 Injection Depth Waiver and Aquifer Exemption Expansion 


Cleco Power, LLC is not applying for a depth waiver or an aquifer exemption. 


1.13 Other Information – Environmental Justice Baseline Analysis 


Cleco Power, LLC have completed an Environmental Justice Baseline Analysis for the Cleco 
Diamond Vault Project. The report is included in Appendix A. 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are included in Appendix B. 
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Appendix A – Environmental Justice Baseline Analysis 
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FIGURES 
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ATTACHMENT
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Appendix B – The “IT Decision” – Response to Five Questions 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are as follows: 


1. Have the potential and real adverse environmental effects of the proposed facility been 
avoided to the maximum extent possible? 


2. Does a cost benefit analysis of the environmental impact costs balanced against the social 
and economic benefits of the proposed facility demonstrate that the latter outweighs the 
former? 


3. Are there alternative projects which would offer more protection to the environment than 
the proposed facility without unduly curtailing non-environmental benefits? 


4. Are there alternative sites which would offer more protection than the proposed facility 
site without unduly curtailing non-environmental benefits? 


5. Are there mitigating measures which would offer more protection to the environment 
than the facility as proposed, without unduly curtailing non-environmental benefits? 


These questions and requirements will be resolved in detail. Thoughtful answers to these 
questions are being developed in conjunction with an air permit by Cleco’s environmental 
consultant. Upon completion, this information will be added to future revisions of this permit.   
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6.2 Characteristics of CO2 Delivered to the Storage Site 


Prior to injection, the chemical and physical characteristics of the injectant CO2 will be 
confirmed using appropriate analytical methods. 


6.3 Shutdown Procedure 


The shutdown procedure will consist of three parts: 


1. The well from the wellhead down.  Downhole in the well a subsurface safety valve will 
automatically shut in an emergency shutdown situation.  This will trap all injected CO2 in 
the well and stop any leakage from the injection formation.  In a controlled shutdown 
situation, the master valve and/or wing valve on the wellhead will be shut trapping the 
CO2 in the well. A gauge at the wellhead will allow measurement of the pressure below 
the valve in the well.  This is important so that during re-startup the pressure can be 
equalized across the valve before opening the valve and continuing injection. 
 


2. The pipeline from compressor to wellhead.  The wellhead will have at a minimum two 
shut-off valves and several isolation valves to allow isolation of corrosion coupons, flow 
meters and other equipment without the need to vent the entire pipeline.  During an 
emergency shutdown both shut-off valves will close automatically due to upset 
conditions.  During a controlled shutdown the valves will be shut in sync with the 
compressor shutdown and the well head valves to ensure the CO2 in the pipeline is 
trapped until injection commences again.  During re-startup, the pressure at each end of 
the pipeline will be equalized across the valve and the valve opened to allow continued 
injection.   
 


3. The compressor. The compressor will have the ability to go into recycle mode in case of 
an emergency shutdown.  It will then be able to slowly shut down and vent trapped CO2. 


During controlled shutdown, the valve to the pipeline will be shut, trapping the CO2 in 
the pipeline and the remaining small amount of CO2 in the compressor chambers will be 
vented up a vent stack.  During re-startup the compressor will be brought online and 
compress against the closed pipeline valve until the pressure equalizes and then the 
valves will be open, and injection will continue. 
 


6.4 Proposed Carbon Dioxide Stream  
            (40 CFR 146.82(a)(7)(iii) and (iv)) and 146.86(b)(1)(v) 


6.4.1 Source of the CO2 Stream 


The Brame Energy Center, part of the Cleco Diamond Vault  facility near Boyce, Rapides Parish, 
Louisiana, is the source of the CO2. The capture, compression and injection of the CO2 will be 
operated by Cleco Power, LLC. 
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dataset. Once the injection phase commences, the CO2 injection stream will be collected from the 
CO2 delivery pipeline for analysis.  


6.5 Well Annulus Pressure Maintenance System  


The purpose of the annulus monitoring and pressure system is to maintain the annular fluid at a 
prescribed pressure. The automated annulus monitoring system that has been designed for this 
purpose is part of the comprehensive well annular pressure maintenance system. The well 
pressure maintenance system includes piping, instrumentation valves, controls, and other 
equipment to accomplish several functions, including the following: 


• Maintain a prescribed pressure on the annular fluid in the well to achieve a positive 
pressure differential across the packer 


• Automatically deliver annular fluid to the well when the fluid volume in the well 
decreases due to temperature and/or pressure changes 


• Automatically remove annular fluid from the wells when the fluid volume in the well 
increases due to temperature and/or pressure changes 


• Monitor parameters (e.g., pressure, temperature, fluid levels, nitrogen pressure) 
associated with the pressure-maintenance system 


• Automatically cease CO2 injection to the wells when injection pressure or annulus 
pressure fall outside of prescribed limits. 


The annular monitoring system will maintain the wellhead pressure of the annular fluid between 
the tubing and the long string of casing within the pre-determined levels as specified in the 
permit. The system will maintain the annular pressure 100 psi above the pressure of the CO2 in 
the injection tubing at the depth of the packer. The annular fluid pressure will be continuously 
monitored so that CO2 injection can be halted when the annular fluid pressure falls outside the 
pre-determined range for a period that exceeds allowable limits. The annular monitoring system 
consists of a continuous annular pressure gauge, a pressurized annulus fluid reservoir (annulus 
head tank), pressure regulators, and tank fluid level indication. The annulus system will maintain 
annulus pressure by controlling the pressure on the annulus head tank using compressed 
nitrogen. The annulus pressure will be maintained between approximately 150 and 800 psi and 
will be monitored by the annular pressure gauges and the Supervisory Control and Data 
Acquisition (SCADA) system. The pressure and fluid level in the annulus head tank will be 
monitored and recorded continuously. The annulus head tank pressure will be controlled by 
pressure regulators–one set of regulators to maintain the pressure above 150 psi by adding 
compressed nitrogen and the other to relieve pressure above 800 psi by venting gas off the 
annulus head tank. Any changes to the composition of annular fluid will be reported in the next 
report submitted to the permitting agency. When the injection system is shut down, the annular 
pressure will be reduced to reduce collapse pressure on the tubing string. 
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Any changes to the injection pressure outside of the normal operating fluctuations may indicate 
that an issue has occurred with the well (i.e., loss of mechanical integrity, blockage in the tubing, 
etc.) or may be caused by a change in injection flowrate. Anomalous pressure measurements 
would trigger the need for further investigation of the cause of the change (40 CFR 146.89 (b)). 
The wellhead injection pressure will also be used to calibrate the computational modeling 
throughout the injection phase of the project. Some of these modeling computations will be used 
with the reservoir pressure data to provide a calculation correlating the wellhead pressure with 
the reservoir pressure (Testing and Monitoring Plan, Permit Section 7).  


The wellhead pressure of the injected CO2 will be measured by an electronic pressure transducer 
with analog output mounted on the CO2 line associated with the injection well. The transmitter 
will be electronically connected to the SCADA system, which can shutdown the system or 
change the flowrate depending on the pressures measured at the wellhead.  


6.7.2 Continuous Recording of Injection Mass Flow Rate  


The mass flow rate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well and connected to the 
SCADA system. The meter will have an analog output (Endress & Hauser or Micro Motion 
Coriolis Flow and Density meter or similar). The meter will be maintained and calibrated 
according to the manufacturer's specifications. 


6.7.3 Continuous Recording of CO2 Stream Temperature 


The temperature of the injected CO2 will be continuously measured for the well by an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The thermocouple will be calibrated prior to the start of 
injection operations, and the calibration will be checked periodically (e.g., quarterly) during 
regular instrument checks. The thermocouple for measuring surface injection temperature will be 
recalibrated annually or it will be replaced with a calibrated thermocouple. 


6.7.4 Downhole Pressure and Temperature  


Downhole pressure and temperature will be periodically monitored during the initial period of 
injection (approximately six months after starting injection). The downhole pressure data will be 
used to establish a correlation between the storage formation pressure and the wellhead pressure 
for more accurate estimates of downhole pressure throughout the injection phase of the project. 
These data will also be used with the mass flow rate to calculate the volume injection rate of the 
CO2 into the reservoir. During this monitoring period, the downhole pressure and temperature 
data will be recorded once every minute on retrievable gauges placed in the tubing within the 
injection reservoir.  
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6.8 Control and Alarm System 


This section describes the process that will be implemented to safely halt CO2 injection in the 
event of an injection well or equipment failure, or if the injection pressure exceeds the 
predetermined maximum level. The injection process will be monitored by pressure, 
temperature, and flow monitoring devices connected to the injection well, compressor, pipeline, 
a series or valves, and the SCADA system. The monitoring system will be capable of detecting 
when injection conditions are out of acceptable limits and responding by either adjusting 
conditions or halting injection. The system is designed to operate automatically with minimal 
operator intervention. This section presents the following: 


• A brief overview of the monitoring and control system 


• A description of the automatic shutdown of the compressor, including the annular 
pressure, injection pressure, and flow rate that will trigger pumps shutdown 


The well control system architecture and functionality, including process alarms, plant 
interlocks, shutdown alarms, and automatic shutdown sequence are described below.  


6.8.1 Control System Overview 


The proposed control system for the well consists of a SCADA system connected to the pressure, 
temperature, and flow monitoring systems and controls of the compressor, pipeline, and injection 
well. Alarms, run enable, and other critical signals will be passed between the compression 
system and the injection well through the SCADA system. User privileges and other security 
measures will be implemented to limit access to and control of the SCADA and well control 
equipment.  


Injection pressure will be determined by the pressure of the CO2 at the wellhead of the injection 
well. The compressor will have a variable-speed drive, which will be controlled to limit the CO2 
injection pressure and flow rate. A control valve will be installed on the CO2 pipeline at a 
location upstream of where the pipeline connects to the wellhead. Adjustments to the injection 
pressure can be made with the control valve if necessary to stay under the injection pressure 
limit. 


6.8.2 Process Alarms and Automatic Shutdown  


Alarms will be implemented throughout the injection system and monitored by the SCADA 
operator. Alarms are of three types:  process (non-shutdown) alarms, shutdown alarms, and 
interlock alarms. Process alarms will be used to alert the control room operator whenever process 
variables are out of the accepted operating range and operator, or maintenance action may be 
required. Shutdown alarms will indicate critical conditions. An active shutdown alarm and/or 
plant interlock will trigger an automatic shutdown sequence in which the CO2 injection process 
is automatically shut down by the well control system.  
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operations, the plant interlock will act as a run permission command for the injection process to 
start up. 
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1.0 Project Narrative 


1.1 Project Background and Contact Information 


Cleco Power, LLC’s primary goal of the Cleco Diamond Vault Project is to capture and 
sequester carbon dioxide (CO2) near Boyce, Rapides Parish, Louisiana. The project is planned as 
a multi injection well facility with six injection wells being proposed. Three well pads will each 
host two injection wells targeting different injection formations: the Wilcox 1 and the Wilcox 2. 
Each well will be drilled from a land-based location and have an S-shaped trajectory, returning 
vertically above the confining layer with injection zones under Lake Rodemacher. 


In compliance with Environmental Protection Agency (EPA) Underground Injection Control 
(UIC) Class VI regulations, each injection well will be permitted separately. 


This document (and associated sections) forms the Class VI application for injection well 
CLDR-IW2.  


An overview of the project site is presented in Figure 1-1 which shows the location of the six 
proposed injection wells relative to Lake Rodemacher and local infrastructure. The Area of 
Review (AoR) for the project is also shown. This AoR encompasses the combined pressure front 
at the end of injection from all injection wells. 


Figure 1-2 shows the eastern well pad with CLDV-IW2 (the subject injection well of this permit 
application), highlighted. 


The data used in the preparation of this permit application are based on extensive regionally 
available sources. It is anticipated that this information will be updated with data acquired from a 
stratigraphic test well (STW). The STW will be centrally located within the AoR and will be 
drilled to reduce uncertainty in the characterization of the geomechanical and hydrogeological 
subsurface at the project site. Extensive wireline logging, coring, fluid sampling, and formation 
hydrogeologic testing will be performed. These data will be incorporated into the static earth 
model and dynamic models (Permit Section 2) from which the AoR is derived. 
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Figure 1-1: Cleco Diamond Vault Project showing proposed location of six injection wells, AoR, and 
local infrastructure. 


 


Sensitive, Confidential, or Privileged Information







 


Project Narrative for the CLECO DIAMOND VAULT PROJECT 
Project Number: R06-LA-0022 Page 12 of 83 


Figure 1-2: Map view of eastern well pad showing location of CLDV-IW2. 
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1.1.5 Injection Depth Waiver or Aquifer Exemption Requested 


No injection depth waiver or aquifer expansion being sought as a part of this permit application. 


1.1.6 Other Administrative Information 


Table 1-4 provides the administrative information for this Class VI injection well permit 
application as required by 40 CFR 144.31(e)(1 through 6).  


Table 1-4: General Class VI CO2 injection well permit application information. 


1.2 Site Characterization 


1.2.1 Regional Geology, Hydrogeology, and Local Structural Geology [40 CFR 
146.82(a)(3)(vi)] 


The Cleco Diamond Vault facility is located northwest of the town of Boyce in Rapides Parish, 
Louisiana. The facility sits within the Western Gulf Coastal Plain in central Louisiana on the 
northern flank of the Gulf Coast Basin and at the southern end of the Mississippi Embayment 
(Figure 1-3). This region has favorable geology for carbon storage in porous and permeable deep 
saline formations interstratified with low porosity and low permeability caprocks. In the Gulf of 
Mexico Basin and throughout the Gulf Coast, deposition of Jurassic to Holocene-age 
sedimentary rocks began due to the breakup of Pangea and associated crustal extension and 
expansion of the seafloor during the Mesozoic (Sawyer et al., 1991). Over 15,000 ft of sediments 
in the study area thicken and gently dip from north to south towards the Gulf of Mexico. The 
deep saline storage reservoirs and caprocks at and near the Cleco site are comprised of Cenozoic-
age sandstone and shale. 
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The site is bordered by the Sabine Uplift, North Louisiana Salt Basin, and La Salle Arch to the 
north and the South Louisiana Salt Basin to the south (Figure 1-3). Other structural elements 
include salt domes in the salt basin regions north and south of the site and the Angelina Caldwell 
Flexure, which extends from central Texas into Louisiana (Dennen and Hackley, 2012). The 
study area is located on the stable shelf north of the Wilcox expanded fault zone, where growth 
faults are present due to the deposition of large volumes of sediment on an unstable shelf margin. 
No regional faults are mapped in the immediate Cleco site location. 


 


Figure 1-3: Map of northern Gulf Coast Basin structural features including basins, uplifts, and other 
structural features. The Cleco Diamond Vault site is denoted by the yellow star in central Louisiana. 


Abbreviations: K, Cretaceous; LK, Lower Cretaceous; LA, Louisiana. Modified from Warwick (2017). 


 


The region has favorable geology for carbon storage in the clastic rocks of the Paleocene- to 
Eocene-age Wilcox Group and the Carrizo Sandstone. The primary storage reservoir identified at 
the Cleco Diamond Vault facility is the Wilcox Group, which is a 3,500-foot-thick sequence of 
clastic rocks with dominate lithologies of sandstone and shale (Carlson and Van Biersel, 2009; 
Warwick, 2017). Storage capacity within the Wilcox Group is found within the pore space of 
coarse-grained, quartz-rich sediments (Dutton et al., 2015). Regionally, the Wilcox Group is 
often divided into two units, which are separated at the base of a regionally extensive shale in the 
upper zone, the Big Shale (Galloway, 1968; Tye, 1991). In this project, the upper Wilcox unit is 
referred to as the Wilcox 1, and the lower Wilcox unit is referred to as the Wilcox 2.  
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The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Carrizo Sandstone and below the Sparta Sandstone. This shale is clay-rich and composed of 
small clay particles that are tightly packed preventing supercritical CO2 flow vertically into 
shallower formations. The Midway Group, the lower confining unit, underlies the Wilcox Group 
and is expected to be at a depth of approximately 7,500 ft below surface at the Cleco Diamond 
Vault site. The stratigraphic column in Figure 1-4 shows the study area’s stratigraphic 
succession, highlighting the primary storage reservoir (Wilcox 2) and the confining unit (Cane 
River). The depth to the top of the Wilcox 2 at the Cleco Diamond Vault site is approximately 
5,600 ft below surface, which meets the depth criteria required to sustain a supercritical phase of 
the injected CO2 at the site. 


Figure 1-4: Stratigraphic column with lithology and hydrostratigraphy for the Cleco Diamond Vault site. 
Estimated depths are based on structural model surfaces at the location of the CLDV-IW2 well.  
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1.2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 


At the Cleco Diamond Vault site location and surrounding area, there is no evidence of 
subsurface faults or structural features that would impact the integrity of the confining zones. 
Thus, there is low containment risk for interference of injected CO2 with the shallower USDWs. 
The deepest USDW at the Cleco Diamond Vault facility is the Oligocene-age Catahoula 
Formation, which is found at an estimated depth of 660 ft in the CLDV-IW2 well. The top of the 
Cane River confining zone is 3,713 ft below surface, which is 2,627 ft below the base of the 
Catahoula Formation in the CLDV-IW2 well. The exact spatial relationship between the 
lowermost USDW and the injection and confining zones will be confirmed during the drilling of 
STW. Additionally, the Cook Mountain Formation, the Jackson Group, and the Vicksburg Group 
serve as secondary confining zones between the primary confining zone and the lowermost 
USDW. The depths of these secondary confining zones in the CLDV-IW2 well are labeled on 
the stratigraphic column in Figure 1-4.  


The formations found in the subsurface of the Cleco Diamond Vault facility are locally 
correlative and laterally extensive across the region. This was evaluated and confirmed through 
regional reports, cross sections and maps, and well and seismic data correlations throughout the 
immediate site location and surrounding area. Regional structure and thickness maps for these 
units and further detail about data types used can be found in Section 1.2.4. Major geologic units 
and their stratigraphic relationships are depicted in the regional cross section shown in Figure 1-
5, where the Cleco Diamond Vault site location is denoted with a yellow star.  
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Figure 1-5: Geologic cross section from west to east Louisiana featuring the structural configuration of 
subsurface strata that contains the target injection zone and caprock, as well as the deepest USDW. 


Modified from Whiteman and Martin, 1984. 


A map of the AoR, existing wells within the AoR, and proposed injection wells is shown above 
in Figure 1-1. The Cleco Diamond Vault facility has a total of 23 shallow groundwater 
monitoring wells on site. These wells are part of an established groundwater monitoring system 
around the various ash and metal ponds in the facility. These wells vary in depth from 50 to 300 
ft and are used to test for various parameters such as pH, conductivity, chloride, sulfate, arsenic, 
among others in shallow groundwater aquifers such as the Carnahan Bayou Aquifer. 
Additionally, an air monitoring program is in place at the Cleco Diamond Vault site.  


1.2.3 Faults and Fractures [40 CFR 146.82(a)(3)(ii)] 


Large faults and their associated fractures have predominantly been identified in the 
northwestern and southern areas of Louisiana (Stevenson and McCulloh 2001) in the North 
Louisiana Fault Zone and the Wilcox Fault Zone, respectively. However, the stable shelf region 
of central Louisiana is not known to be a heavily faulted area, and no major faults have been 
identified near the site location in Rapides Parish (Figure 1-6). Additionally, regional evaluations 
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confirm the absence of salt domes in the site area, which are typically associated with faults and 
fractures. Therefore, no faults or fractures are expected to impact the integrity of the confining 
zone and the containment of injected CO2 at the site location. This was further evaluated with 
multiple two-dimensional (2D) seismic lines. Three 2D seismic lines were licensed to conduct a 
preliminary assessment of the presence or absence of large-scale faults near the Cleco facility. 
This assessment found no evidence of significant faulting in the study area. This will be 
evaluated in more detail and confirmed by collecting image logs and whole core samples from 
the STW. An example of one of the licensed 2D seismic lines (80-378-185) is shown in Figure 1-
7.  


 


 


 


Figure 1-6: Map of major faults in Louisiana. The Cleco Diamond Vault site is denoted by the yellow 
star. Modified from Stevenson and McCulloh (2001). 
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1.2.4 Injection and Confining Zone Details [40 CFR 146.82(a)(3)(iii)] 


Confining Zone: Cane River Shale 


The primary caprock is the regional and laterally extensive Cane River Shale, which sits atop the 
Wilcox Group and Carrizo Sandstone and below the Sparta Sandstone. In the site location, the 
top of the Cane River is found at depths of -3063to -3550 ft true vertical depth sub-sea (TVDss), 
and the gross thickness ranges between 325 and 355 ft. Depth and thickness across the AoR were 
determined by picking formation tops from digital well log data proximal to the site. These were 
gridded using a convergent interpolation algorithm from Schlumberger's Petrel® and contoured 
in TVDss and all surface maps were quality control checked using the 2D seismic lines. Maps of 
the top structural surface and the thickness of the Cane River are presented in Figure 1-8. 


Injection Interval: Wilcox Sandstone 
For this project, the regionally extensive Wilcox Group was divided into an upper Wilcox 1 and 
lower Wilcox 2 based on the presence of a regional shale called the Big Shale (Galloway, 1968; 
Tye, 1991). In the AoR, the top of the Wilcox 2 injection zone is found at depths between 5,602 
and 7,733 ft below surface, and the gross thickness ranges between 2037 and 2257 ft. Maps of 
the top structural surface and the thickness of the Wilcox 2 are presented in Figure 1-9. At these 
depths, pressure and temperature conditions are high enough to sustain a supercritical phase of 
the injected CO2 at the site. The modest variation in thickness demonstrates no evidence of local 
formation pinch our or faulting that would affect CO2 storage. 


   


 


Figure 1-8: Structural map showing measured depth from the surface to the top of the Cane River (left) 
and Cane River formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 
200 ft and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed 


line indicates the Dynamic Reservoir Model boundary. The white outline indicates Cleco land boundaries. 
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Figure 1-9: Structural map showing measured depth from the surface to the top of the Wilcox 2 (left) and 
Wilcox 2 formation thickness map (right) at the Cleco Diamond Vault site. Contour intervals are 200 ft 
and 20 ft, respectively. The black box indicates the Static Earth Model area, and the white dashed line 
indicates the Dynamic Reservoir Model boundary. The white outlines indicate Cleco land boundaries. 


Much of the subsurface data analyzed in this study are derived from regional wells with modern 
wireline log data, as well as historical log data from wells proximal to the site. Twenty-five wells 
from across the region were acquired that provided: 1) multiple log types of interest, 2) adequate 
spatial and depth coverage, 3) core analysis data, and 4) checkshot or velocity survey data. Eight 
wells were not used to inform model properties due to poor log data quality, although they were 
able to be used to develop structural surfaces. Of the remaining logs, 17 supplied regional and 
local measurements of in-situ physical rock properties, such as porosity, at depths that captured 
the entirety of the target reservoir and caprock formations. One well with routine core analysis 
data provided two data points in the Carrizo/nine data points in the Wilcox 1/three data points in 
the Wilcox 2. The wireline log and core data are consistent with observations pertaining to depth, 
thickness, lateral extent, and lithology from the three 2-D seismic lines shown in Figure 1-10 and 
discussed further in Section 1.2.3. These datasets enabled the project to interpret crucial 
subsurface information regarding the lithology and quality of the reservoir and caprock and 
calculate rock properties. 


Current interpretations of the injection and confining zones at the Cleco Diamond Vault site will 
be confirmed by routine and advanced datasets acquired from the stratigraphic test well as 
detailed in the Pre-operational Testing Plan. Site-specific geologic core and special core analysis 
will confirm porosity and permeability, mineralogy, capillary pressure, and relative permeability 
as specified by EPA (2012) [40 CFR 146.82(a)(3)(iii)]. Additionally, geomechanical data in the 
storage zone will confirm the maximum injection pressure, rock strength, and in-situ fluid 
pressure as specified by EPA (2012) [40 CFR 146.82(a)(3)(iv)]. 
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Figure 1-10: Map of the wells selected for log data analysis and location of purchased 2D seismic lines. 
The well highlighted in red was used to create a well-tie to tie the seismic time data to depth for 


integration into the model. 


Sediments of the upper Cane River consist of brown clay, and the lower Cane River is composed 
of glauconite and glauconitic marl. At the basal contact of the Cane River and Carrizo, brown 
quartzose sand with minor glauconite is present. Minor constituents include carbonaceous 
minerals in the upper Cane River and fine quartz sand grains (Choung, 1975). An in-depth 
mineralogical assessment of the Cane River is necessary to evaluate the potential effects of 
injected CO2 on its competence as caprock. Data and rock samples collected from the 
stratigraphic test well will be used to confirm that the mineral composition of the Cane River is 
conducive to confining CO2.  


The Wilcox Group is a heterogeneous formation composed of very fine- to coarse-grained 
sandstone with frequent shale interbeds (Dutton et.al, 2015).  The sandstones that compose the 
Wilcox Group are abundant in feldspars and lithics and are predominately characterized as 
felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). Figure 1-11 displays a ternary 
diagram of the composition of Wilcox Group samples collected from Louisiana and Texas. 
Quartz is the most common mineral found in the rocks of the Wilcox Group, with calcite and 
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ankerite being the next most prevalent, and numerous other minerals identified in minor volumes 
(Loucks and Dutton, 2019). Cementation (primarily quartz cementation) makes up 10 to 35% of 
the rock volume of the Wilcox Group. As with the Carrizo Sandstone, the prevalence of quartz 
cement in the Wilcox Group has positive implication for CO2 injection, as quartz cemented rocks 
are naturally resistant to the potentially corrosive effects of long-term exposure to injected CO2. 
Table 1-5 summarizes the mineralogical make-up of the Wilcox Group. 


 


 


Figure 1-11: Ternary diagram displaying the compositional make up of rock samples collected from the 
Wilcox Group in Texas and Louisiana (Loucks and Dutton, 2019).  
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Wilcox Group Mineralogy 


Major 
Minerals 


Quartz 
Calcite 
Ankerite 


Minor 
Minerals 


Albite 
Chlorite 
Dolomite 
Glauconite 
Illite 
Illite-Smectite mix 
Kaolinite 
Leucoxene 
Pyrite 
Siderite 
Sphene 


Table 1-5: Mineralogical composition of rock samples collected from the Wilcox Group in Texas and 
Louisiana (Loucks and Dutton, 2019). 


 


Based on the Department of Energy (DOE)-National Energy Technology Laboratory (NETL) 
methods for static volumetric calculations (Levine et. al, 2016), the estimated storage capacity 
for the Wilcox 2 within the AoR is approximately 10.3 MMt of CO2 per mi2. Inputs for 
thickness and porosity were determined by calculating the average net thickness and effective 
porosity values across the AoR for the Wilcox 2 (1265 ft and 11%, respectively). Then, the input 
for the density of CO2 was calculated using the same temperature and pressure gradients as the 
reservoir model, which were applied to the midpoint depth for the Wilcox 2 in the center of the 
AoR (approximately 6400 ft below ground surface). The initial water saturation from relative 
permeability was used, and storage efficiency factors were applied. The same workflow applied 
to the Wilcox 1 results in a storage capacity estimation of approximately 5.5 MMt of CO2 per 
mi2. The Cane River has a low average porosity and permeability of 3.48% and 0.012 mD, 
respectively. The tight, impermeable nature and the lack of faults and fractures in this formation 
indicate that it will serve as an adequate confining zone.  


1.2.5 Geomechanical and Petrophysical Information [40 CFR 146.82(a)(3)(iv)] 


Petrophysical analysis was conducted to integrate available log data in the study area, generate 
the porosity log curves used to populate the static earth model (SEM), and determine the storage 
reservoir properties. The logs compiled as part of the data collection effort, detailed in Section 
1.2.4, were first edited, and normalized as part of the quality control procedure to eliminate 
erroneous data points, correct for varying signal intensities, and establish consistent readings 
between wells. A lithologic log representing the fraction of clay with depth, Vclay, was 
generated and integrated with core data and routine porosity logs to calculate refined porosity 
curves, and subsequently, permeability curves. The permeability log was further refined by rock 
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type after modeling hydraulic facies, or zones of rock that have comparable properties 
controlling fluid flow.  


Additional geomechanical and petrophysical properties will be evaluated and confirmed through 
well tests, wireline logs, and laboratory analyses of core samples from the STW. Geomechanical 
properties of the target and confining zone will be confirmed from minifrac test analysis and 
dipole sonic logs. The geomechanical integrity of the confining zone is confirmed if its fracture 
pressure exceeds the target zone’s. Data will be collected in the STW using wireline logging 
tools such as the dipole sonic to determine elastic rock properties such as Young’s modulus, 
stresses and Poisson’s ratio which will be used as an accuracy check for the minifrac data in case 
of any operational issues during testing.   


1.2.6 Seismic History [40 CFR 146.82(a)(3)(v)] 


The seismic history for the area was characterized using publicly available data from the United 
States Geological Survey (USGS) and the Louisiana Geological Survey (LGS). Louisiana is 
largely a seismically inactive state in which earthquakes have historically occurred with low 
frequency and magnitude. Extensive faulting is present in the northwestern and southern areas of 
Louisiana. However, these faults are primarily growth faults associated with sediment loading 
and are not seismically active. No recorded earthquakes in Louisiana have been definitively 
attributed to any of the mapped fault systems in the state (Stevenson and McCulloh, 2001). Eight 
earthquakes have been recorded in Louisiana in the last 100 years (1923–2023); only two were 
greater than 3.5 M, and none occurred within 80 miles of the project site (Figure 1-12). Of these 
earthquakes, all have occurred at depths of 5 km or greater, apart from one that occurred at a 
shallower depth of 0.4 km. Additionally, one occurred in 1930 in which the depth is unknown 
(USGS, 2023). 


The absence of recorded earthquakes near the Cleco Diamond Vault project site is consistent 
with the regional seismic hazard map published by the USGS (2014), which designates central 
Louisiana as a low-risk area for seismic activity. There is a 2% probability that the level of 
horizontal shaking, or peak ground acceleration (PGA), due to seismic activity will exceed 4–8% 
of the acceleration due to gravity within 50 years (Figure 1-13). 
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Figure 1-12: Earthquakes in Louisiana greater than or equal to 2.5 magnitude since 1900 (modified from 
USGS, 2023). 
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Figure 1-13: 2014 regional seismic hazard map for Louisiana (USGS, 2014). 


 


1.2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 


To further understand the subsurface underlying the Cleco Diamond Vault site, an assessment of 
the local hydraulic and hydrogeologic conditions was completed. This included a review of the 
hydrostratigraphy, groundwater flow direction, and salinity of shallow and deep aquifers in 
Rapides Parish, Louisiana. This assessment benefited from the work of Griffith (2009), which 
reviewed the hydrogeology, including water quality, of Rapides Parish. This work used a cutoff of 
250 mg/L chloride concentration to determine the freshwater-saltwater interface (as opposed to 
10,000 mg/L total dissolved solids [TDS] cutoff for the lowest USDW interface), as shown in the 
subsequent maps. 


Table 1-6 and Figure1-14 display the shallow subsurface hydrostratigraphy of Rapides Parish, 
Louisiana. Regionally, there are seven aquifers containing freshwater (USDWs) in Rapides 
Parish, as well as three confining units that separate them into four groups (Griffith, 2009). Each 
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of these aquifers occur in rocks composed of clastic sediments of varying sizes (clay, silt, sand, 
gravel) with the sand/sandstone beds of the formations being most amenable to freshwater 
production. The confining layers separating the aquifer systems are composed primarily of clay 
and silt, rendering them impermeable (Griffith, 2009).  


The spatial distribution of these seven aquifers varies throughout the Parish. Locally, there are 
five aquifers present in the subsurface beneath the Cleco project site: the Red River Alluvial, the 
Chicot Aquifer System, the Upland Terrace Aquifer, the Carnahan Bayou Aquifer, and the 
Catahoula Aquifer (Figures 1-15, 1-16, and 1-17). The Red River Alluvial aquifer is a 
predominately freshwater aquifer that extends roughly through the middle of Rapides Parish in a 
northwest to southeast direction. Its depth varies across Rapides Parish, ranging in elevation 
from 0 to 80 ft above the National Geodetic Vertical Datum of 1929 (NGVD), and it is at or near 
its shallowest points near the Cleco Diamond Vault site. Groundwater movement in the Red 
River Alluvial aquifer varies locally, however in general the waters that comprise the aquifer 
generally flow in an eastward direction. The Chicot and Upland Terrace aquifers merge in 
southwestern Rapides Parish and are treated as one large freshwater aquifer. Groundwater flow 
in the Chicot and Upland Terrace Aquifers is complex and flows in multiple directions 
throughout the Parish, generally in the direction of a nearby surface water stream. Considerable 
variation exists in altitude of the Chicot and Upland Terrance aquifers, as it varies in elevation 
from 80 ft above to 40 ft below NGVD and is about 40 ft above NGVD near the Cleco Diamond 
Vault site. The Carnahan Bayou Aquifer is the most extensive of the six regional aquifers, 
encompassing all of Rapides Parish. Water quality varies considerably in the Carnahan Bayou 
Aquifer, with most of the aquifer being comprised of saltwater or mixed saltwater and 
freshwater. Despite this, a significant portion of the Carnahan Bayou aquifer contains freshwater, 
notably in northern Rapides Parish. The surface of the Carnahan Bayou aquifer ranges in 
elevation from roughly 100 ft above NGVD to 200 ft below NGVD and is locally approximately 
0 ft above NGVD near the Cleco site. Groundwater flow in the Carnahan Bayou aquifer is 
related to groundwater withdrawal and usage and trends towards the cities of Alexandria and 
Pineville and the Kisatchie well field.  
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Figure 1-14: Hydrogeologic stratigraphic cross section of Rapides Parish, LA  
(modified from Griffith, 2009) 
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Figure 1-15: Map displaying the spatial extent and general direction of groundwater flow of the Red River Alluvial Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-16:  Map displaying the spatial extent and general direction of groundwater flow of the Chicot Aquifer in Rapides, Parish LA (modified 
from Griffith, 2009). 
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Figure 1-17:  Map displaying the spatial extent and general direction of groundwater flow of the Carnahan Bayou Aquifer in Rapides, Parish LA 
(modified from Griffith, 2009). 
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Figure 1-18: Total dissolved solids (salinity) concentration map for the Carrizo Sandstone and Wilcox Group in Louisiana (modified from 


Pettijohn et. al, 1988). Colors indicate TDS concentrations. The Cleco study area, highlighted by the yellow star, has TDS concentrations of 
approximately 70,000 mg/L for the Carrizo and Wilcox. 
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In addition to reviewing shallow subsurface freshwater aquifers in Rapides Parish, it was also 
necessary to review the salinity levels of the potential saline reservoir injection targets. Saline 
reservoirs in Louisiana were researched by Pettijohn et. al. (1988) in their work focusing on the 
aquifers and hydrogeology of the Tertiary System in the Gulf of Mexico Coastal Plain. This 
work included the creation of a map detailing the salinity of the reservoirs within the Wilcox and 
Claiborne Groups. This map indicates the salinity of these units becomes increasingly saline 
towards the southern portions of Louisiana, as well as with increasing depth, with the Carrizo 
and Wilcox mapped as having TDS values of approximately 70,000 parts per million (ppm) 
(Figure 1-18). Additional to this map, salinity calculations were derived from well logs in the 
immediate vicinity of the Cleco property to confirm TDS values found in literature (Figure 1-
19). These maps, along with well log calculated salinity, support that water in the target storage 
formations is sufficiently saline in the study area to permit CO2 storage projects. 


 


Local log data shows a range of salinities, which is likely due to the vintage of the resistivity logs 
(Figure 1-19) and thus likely a measurement error. However, all wells show salinities 
significantly greater than 10,000 ppm for each injection zone, which is the regulatory lower 
limit. Calculated salinity values are consistent with regional literature (Carlson and Van Biersel, 
2009; Pettijohn et. al, 1988). These apparent water resistivity (Rwa)-derived salinity values 
should be considered a minimum salinity. Local mapping of greater than 70,000 ppm is highly 
likely for each zone. 
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1.2.8 Geochemistry [40 CFR 146.82(a)(6)] 


Regional geochemical data provide insights into the reservoir water salinity (TDS) of the Carrizo 
Formation, Wilcox Group, and multiple overlying USDWs at the project site. However, site 
specific geochemistry data are not currently available due to a lack of subsurface water samples. 
The acquisition of these data will be completed during the installation of an onsite STW. Water 
samples will be collected for aqueous and solid-phase geochemical data through analysis of 
major cations and anions, trace metals, and general geochemical properties (i.e., pH, TDS, 
alkalinity, etc.). These analyses will be used to determine: 


• The deepest USDW at the project site 
• Baseline geochemical data for the project site that can be used to evaluate the migration    
       of CO2 and brine waters at the site 
• Current geochemical equilibrium conditions to evaluate the saturation relationship  
       between the dissolved and solid-phase minerals at the site 
• Geochemical reactions that may occur from the injection of CO2  
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The analysis of onsite geochemical properties in the subsurface reservoirs above and within the 
injection zones will confirm the intervals identified for CO2 storage meet the criteria outlined for 
Class VI permit approval. 


1.2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 


No surface air and/or soil gas data were collected at the Cleco site location.  


 


1.2.10 Site Suitability [40 CFR 146.83] 


An extensive set of subsurface data have been analyzed at the Cleco Diamond Vault site to 
support the evaluation of site suitability. The integration of well logs, 2D seismic, and regional 
maps and cross sections confirm the lateral extent of the target reservoir and confining zone, as 
well as the absence of faulting and structural features at the site location and surrounding area 
that would impact the integrity of the confining zone. Therefore, the containment risk is low, and 
no secondary confinement zone is necessary for USDW protection. Additional well and rock 
data collected from a site characterization well will provide further geomechanical data to 
support the integrity of the confining zone.  


The Cleco Diamond Vault site location is also suitable for CO2 sequestration due to its favorable 
target reservoir lithologies. The Wilcox 1 and 2 are composed of sandstones with interbedded 
shales.  The sandstones have a predominantly felspathic and lithic mineralogy and are 
categorized as felspathic litharenites or lithic arkoses (Loucks and Dutton, 2019). The most 
common mineral in the sandstones of the Wilcox 1 and 2 is quartz followed by calcite and 
ankerite, as well as numerous accessory minerals present in minor volumes (Loucks and Dutton, 
2019). Additionally, quartz cementation makes up 10 to 35% of the rock volume of the Wilcox 1 
and 2. The prevalence of quartz cement has positive implications for CO2 injection because 
quartz-cemented rocks are naturally resistant to the potentially corrosive effects of long-term 
exposure to injected CO2. Furthermore, although neither the CO2 stream nor formation waters 
are expected to be highly corrosive, the injection well materials that come in contact with the 
CO2 stream and/or reservoir brines will be constructed of corrosion-resistant materials, such as 
13CR steel, or similar. For example, the casing string across the Wilcox 1 and 2, the packer, and 
deep portion of the tubing with be constructed with corrosion-resistant materials.   


 
 


 
 


 
 


The target reservoirs for injection (Wilcox 1 and 2) are fluvial deltaic in origin. Their resulting 
geometries are influenced by the orientation of the main sediment source during deposition, 
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determine an AoR for CO2 injection at the Cleco Diamond Vault project site. The SEM is a 
three-dimensional (3D) geocellular model that represents the porosity and permeability of 
different stratigraphic formations, most notably, the intended CO2 storage formation and 
overlying confining layer. This type of model was selected as it offers the best options for 
quantifying, representing, and visualizing the subsurface geologic interpretations for the site. The 
purpose of this model is to represent available pore volume and enable the estimation of CO2 
storage capacity. Primarily, this geologic model serves as the framework (in terms of delineating 
zones, surfaces, permeability, and porosity) for computational modeling of CO2 injection.  
The computational modeling to simulate CO2 injection into the saline aquifer was performed 
using a 3D multiphase flow simulator CMG-GEM 2016 version (CMG-GEM, 2016). In addition 
to the geological framework imported from the SEM, additional parameters, such as relative 
permeability data, initial conditions, phase behavior model, and well and perforation parameters, 
were added to the computational model to complete the dynamic modeling. CMG-GEM is an 
equation-of-state based compositional simulator that models the phase behavior of brine and CO2 
plumes during the injection and post-injection phases of a project. Multiple phases were 
accounted for in the computational model including aqueous, gas, and supercritical phases.  


Modeling multiphase flow processes in porous media, with all components as described above, 
enables: 


• Estimation of pressure buildup in the storage formation – confining layer system  


• CO2 phase behavior at storage reservoir condition  


• CO2 saturation to determine plume extent in the storage formation (Wilcox 2 Sandstone)  


• Ensure confining layer sealing capabilities  


The estimated CO2 saturation map and pressure buildup from modeling multiphase flow 
processes will predict CO2 movement during the injection and post injection periods and 
delineate the AoR. 
  


1.4 Permit Section 3.0: Financial Responsibility  


The Financial Responsibility Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(14) and 146.85.  


1.5 Permit Section 4.0: Injection Well Construction  


1.5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 


No completion stimulation is planned at this time because the reservoir quality is expected to be 
adequate for the planned injection volumes. 
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1.5.2 Construction Procedures [40 CFR 146.2(a)(12)] 


A newly drilled injection well (CLDV-IW2) will be constructed at the Cleco Diamond Vault 
facility near Boyce, Louisiana, to meet the requirements of 40 CFR 146.86.  


1.5.3  Casing and Cementing 


The well will be designed using carbon steel for the casing and tubulars that are not expected to 
be in contact with a mixture of the injectate (CO2) and water. That is, the conductor, surface, and 
intermediate casing sections will all be carbon steel. The deep casing string will be constructed 
with corrosion-resistant chrome (13CR) across the reservoir and caprock to total depth (TD) and 
carbon steel from above the caprock to surface. This section of the wellbore is expected to have 
intermittent exposure to CO2-formation water mixed fluids especially in the initial phases of 
injection and intermittently when well workovers are performed throughout the life of the 
project. Although the expected water content of the injectate stream will be less than 50 ppm, the 
injection tubing string and flow-wetted injection tree components will be composed of corrosion- 
resistant materials.  


Table 1-7 summarize the casing program for the injection well and Table 1-8 summarizes the 
cement program. All casing strings will be cemented to surface and any changes to the final well 
design will be discussed with the UIC Director or representative.   


The deepest USDW will be confirmed from the fluid sampling program in the STW. Surface 
casing will be set through the deepest USDW, and the long string casing will provide an 
additional layer of protection to the USDW. 


Table 1-7: Casing details. 
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Table 1-8: Cement program for the CO2 injection well. 


After the well has been completed, a cement bond log – variable density log (CBL-VDL) and 
advanced ultrasonic cement evaluation log will be run of the entire depth of the long casing 
string shortly after completion of the injection well to confirm that the casing string was properly 
cemented. A baseline temperature measurement will also be acquired from surface to TD to 
provide initial temperature conditions over the well.  


The annular fluid will be a dilute salt solution such as potassium chloride (KCl), sodium chloride 
(NaCl), or similar. The fluid will be mixed on site from dry salt and good quality (clean) fresh 
water, or it will be acquired pre-mixed. The fluid will also be filtered to ensure that solids do not 
interfere with the packer or other components of the annular protection system. The likely 
density of the annular fluid will be approximately 9.2 pounds per gallon (ppg).  Final choice of 
the type of fluid will depend on availability and wellbore conditions. 


1.6 Permit Section 5.0: Pre-Operational Logging and Testing  


The Pre-Operational Logging and Testing Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(8) and 40 CFR 146.87. 


This plan describes the pre-operational formation testing program implemented to characterize 
the chemical and physical features of the injection zone and confining zone at the Cleco 
Diamond Vault Project. The data set from STW will form the base of the pre-operational data 
set. A thorough logging and testing plan will be completed including wireline logging, side wall 
cores and whole core, fluid sampling and injection testing.   


1.7 Permit Section 6.0: Well Operations 


1.7.1 Operational Procedures [40 CFR 146.82(a)(10)] 


This section describes the source of the CO2 that will be delivered to the storage site, its chemical 
and physical properties, flow rate, and the anticipated pressure and temperature of the CO2 at the 
pipeline outlet. In addition, this section provides the monitoring that will be performed on the 
injection well to confirm that it does not provide a conduit from the storage formation to above 
confining zone water sources, USDW sources, or the surface. 
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baseline dataset. Once the injection phase commences, samples of the CO2 injection stream will 
be collected from the CO2 delivery pipeline for analysis every three months.  


1.8 Permit Section 7.0: Testing and Monitoring 


The Testing and Monitoring Plan describes how Cleco Power, LLC will monitor the site 
pursuant to 40 CFR 146.82(a)(15) and 146.90.  


The Testing and Monitoring Plan has been developed in conjunction with the project risk 
assessment to reduce the risks associated with CO2 injection into the subsurface. Goals of the 
monitoring strategy include: 


• Meeting the regulatory requirements of 40 CFR 146.90 
• Protecting USDWs 
• Ensuring that the injection well is operating as planned 
• Providing data to validate and calibrate the geological and dynamic models used to 


predict the distribution of CO2 within the injection zone 
• Support AoR re-evaluations over the course of the project 


The Testing and Monitoring Plan will be adaptive over time in that the plan can be adjusted to 
respond: 


• As project risks evolve over the course of the project  


• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 


• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 


Figure 1-1 illustrates the modeled AoR over the 12-year injection period.  


The Testing and Monitoring Plan will outline several direct and indirect technologies used 
throughout the injection and PISC phases of the project that will monitor: 


• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest and the deepest water-


bearing formation above the caprock 


Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan (Permit Section 6.0). Table 1-11 summarizes 
the proposed testing and monitoring plan for the project.  
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The well integrity of the injection, deep monitoring and above confining zone (ACZ) wells will 
be monitored using a range of internal and external mechanical integrity evaluation methods. 
Initially, a mechanical integrity test (MIT) will be performed on the injection well following the 
well completion to confirm internal integrity as per the Pre-Operations Testing Plan (40 CFR 
146.82(a)(8), 146.87). External mechanical integrity will be confirmed through annual 
temperature logging and compared to baseline temperature logging data to identify any 
deflections from the temperature gradient that could indicate fluid flow behind the casing (40 
CFR 146.90 (e)).    


Pressure fall-off tests (PFOs) will be conducted in the injection formation in the injection well 
when they are drilled to establish the hydrogeologic characteristics of the storage formation (Pre-
Operational Testing Plan, Permit Section 5). During the injection phase of the project, a PFO will 
be conducted in the injection well at least once every five years.  


Three above confining wells (ACZ) wells will be drilled as part of the Testing and Monitoring 
Plan for the project (Figure 7-1). These wells will be drilled to the top of the confining zone and 
will be adjacent to the injection wells to monitor the aquifers above the confining layer (Figure 
7-3). These wells will be used for pressure and temperature monitoring as well as periodic fluid 
sampling in the deepest USDW. Potential CO2 or brine migration into the deepest USDW will be 
initially identified through pressure changes in the formation and will be confirmed through 
aqueous geochemistry data and analysis of stable isotopes (Permit Section 5). The shallow 
groundwater monitoring program will consist of a network of wells within the AoR. 
Several indirect monitoring techniques will be deployed to monitor the development of the CO2 
plume and the associated pressure front through the injection and post-injection project phases 
(40 CFR 146.90 (g)). These techniques include distributed temperature sensing (DTS), Pulsed 
Neutron Capture (PNC) logging and time-lapse distributed acoustic sensing (DAS) borehole 
seismic. 


The deep monitoring wells and the above confining zone wells will be equipped with fiber optic 
cable for monitoring the well temperature profile using DTS, in real time in the casing-tubing 
annulus in the deepest USDW, the containment layer and storage formation in the pre-
operational, injection, and PISC phases of the project (40 CFR 146.90 (g)). Downhole pressure 
and temperature sensors in the deep monitoring wells and the above confining zone wells will 
also be used to measure pressure and temperature variations in the deepest USDW, the 
containment layer and the storage formation in the pre-operational, injection, and PISC phases of 
the project (40 CFR 146.90 (g)). These gauges will record data samples every minute and will be 
retrieved on a quarterly basis for data download. The deep monitor wells will also be used to 
collect fluid samples from the storage formation to monitor for changes in the water chemistry 
over time and verify when the leading edge of the CO2 plume reaches the well. 


PNC logs will be acquired annually in the deep monitoring wells and ACZ wells to identify the 
intervals and concentration of CO2 across the injection zone and primary confining zone. This 
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pressure and PNC log data will also be used to calibrate the dynamic modeling over the injection 
and PISC phases of the project. 


The fiber optic cable deployed in the deep monitoring wells and the above confining zone wells 
will be used to acquire time-lapse borehole seismic vertical seismic profile (VSP) data using 
distributed acoustic sensing (DAS). These data will be used to qualitatively monitor the CO2 
plume development and calibrate the computational modeling results over time. The time-lapse 
borehole seismic VSP data will also be used to verify CO2 containment within the injection 
formation. A robust deterministic seismic forward modeling project will be undertaken to 
demonstrate that this technique can successfully detect subsurface changes associated with CO2 
injection at this site (Section 7.8.5). 


Background seismic activity will be monitored continuously using a site-specific seismicity 
monitoring network designed to optimize the accuracy of the event locations and event 
magnitudes (Section 8.3). The location of individual stations within this network can be adjusted 
as required in response to monitoring results or future AoR re-evaluations. 
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1.9 Permit Section 8.0: Injection Well Plugging 


The Injection Well Plugging Plan describes how Cleco Power, LLC will plug the injection well 
pursuant to 40 CFR 146.82(a)(16) and 146.92.  


A Notice of Intent to plug the well will be submitted to the EPA at least 60 days prior to the 
plugging operations (40 CFR 146.92 (c)). After the project has verified that there are no external 
well integrity issues, the well will be flushed with buffer fluid to remove any fluids or 
particulates that may be present in the well. The injection well casing will be plugged with 
cement to ensure that it does not provide a conduit outside the injection zone. Table 1-11 shows 
the intervals that will be plugged as well as the materials and methods that will be used to plug 
the intervals.  


 


Table 1-11: Intervals to be plugged and materials/methods used (40 CFR 146.92 (b)(2 – 4)). 
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1.10 Permit Section 9.0: Post-Injection Site Care (PISC) and Site Closure 


The PISC and Site Closure Plan describes the activities that Cleco Power, LLC will perform to 
meet the requirements of 40 CFR 146.82(a)(18) and 146.93(c). 


Cleco Power, LLC will monitor groundwater quality and track the position of the CO2 plume and 
pressure front for 10 years after the cessation of injection, which is the anticipated timeline for 
CO2 plume and pressure front stabilization.  


Based on the modeling of the pressure front as part of the AoR delineation, pressure at the 
injection well is expected to decrease to pre-injection levels in less than 10 years. Additional 
information on the projected post-injection pressure declines and differentials is presented in the 
permit application and the AoR and Corrective Action Plan (Permit Section 2.0). 


1.11 Permit Section 10.0: Emergency and Remedial Response  


The Emergency and Remedial Response Plan (ERRP) is submitted to meet the requirements of 
Plan 40 CFR 146.82(a)(19) and 146.94(a). 


The ERRP provides actions that Cleco Power, LLC will take in the event of an emergency and to 
address movement of CO2 or formation fluid that may endanger an USDW during the 
construction, operation, or PISC periods. 


If evidence indicates that the injected CO2 stream, formation fluids, and/or associated pressure 
front may cause an endangerment to a USDW, the following actions must be performed: 


1. Initiate shutdown plan for the injection well. 
2. Take all steps reasonably necessary to identify and characterize any release or migration. 
3. Notify the permitting agency/UIC of the emergency event within 24 hours. 
4. Implement applicable portions of the approved ERRP. 


Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 
Cleco Power, LLC will immediately cease injection. However, in some circumstances, Cleco 
Power, LLC will, in consultation with the UIC Director, determine if a gradual cessation of 
injection is appropriate. If a non-emergency shutdown of the CO2 injection system is required, 
the operator will complete the shutdown in a stepwise approach to prevent over-pressure 
situations and/or damage to the equipment.  Efforts will also be made to maintain the CO2 in the 
injection stream in a supercritical phase to prevent special operations during the restart of the 
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system.  Also, override of certain relays may be required to properly and safely shutdown the 
system. 


1.12 Injection Depth Waiver and Aquifer Exemption Expansion 


Cleco Power, LLC is not applying for a depth waiver or an aquifer exemption. 


1.13 Other Information – Environmental Justice Baseline Analysis 


Cleco Power, LLC have completed an Environmental Justice Baseline Analysis for the Cleco 
Diamond Vault Project. The report is included in Appendix A. 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are included in Appendix B. 
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 Appendix A – Environmental Justice Baseline Analysis 
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Appendix B – The “IT Decision” – Response to Five Questions 


Per the requirements by the state of Louisiana and the Louisiana Department of Natural 
Resources (LDNR) this project will comply with the requirements of the “IT Decision” including 
answering and submitting the 5 “IT Questions” for the Cleco Diamond Vault site. The questions 
to be answered are as follows: 


1. Have the potential and real adverse environmental effects of the proposed facility been 
avoided to the maximum extent possible? 


2. Does a cost benefit analysis of the environmental impact costs balanced against the social 
and economic benefits of the proposed facility demonstrate that the latter outweighs the 
former? 


3. Are there alternative projects which would offer more protection to the environment than 
the proposed facility without unduly curtailing non-environmental benefits? 


4. Are there alternative sites which would offer more protection than the proposed facility 
site without unduly curtailing non-environmental benefits? 


5. Are there mitigating measures which would offer more protection to the environment 
than the facility as proposed, without unduly curtailing non-environmental benefits? 


These questions and requirements will be resolved in detail. Thoughtful answers to these 
questions are being developed in conjunction with an air permit by Cleco’s environmental 
consultant. Upon completion, this information will be added to future revisions of this permit.   
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6.2 Characteristics of CO2 Delivered to the Storage Site 


Prior to injection, the chemical and physical characteristics of the injectant CO2 will be 
confirmed using appropriate analytical methods. 


6.3 Shutdown Procedure 


The shutdown procedure will consist of three parts: 


1. The well from the wellhead down.  Downhole in the well a subsurface safety valve will 
automatically shut in an emergency shutdown situation.  This will trap all injected CO2 in 
the well and stop any leakage from the injection formation.  In a controlled shutdown 
situation, the master valve and/or wing valve on the wellhead will be shut trapping the 
CO2 in the well. A gauge at the wellhead will allow measurement of the pressure below 
the valve in the well.  This is important so that during re-startup the pressure can be 
equalized across the valve before opening the valve and continuing injection. 
 


2. The pipeline from compressor to wellhead.  The wellhead will have at a minimum two 
shut-off valves and several isolation valves to allow isolation of corrosion coupons, flow 
meters and other equipment without the need to vent the entire pipeline.  During an 
emergency shutdown both shutoff valves will close automatically due to upset conditions.  
During a controlled shutdown the valves will be shut in sync with the compressor 
shutdown and the well head valves to ensure the CO2 in the pipeline is trapped until 
injection commences again.  During re-startup, the pressure at each end of the pipeline 
will be equalized across the valve and the valve opened to allow continued injection.   
 


3. The compressor. The compressor will have the ability to go into recycle mode in case of 
an emergency shutdown.  It will then be able to slowly shutdown and vent trapped CO2. 


During controlled shutdown, the valve to the pipeline will be shut trapping the CO2 in the 
pipeline and the remaining small amount of CO2 in the compressor chambers will be 
vented up a vent stack.  During re-startup the compressor will be brought online and 
compress against the closed pipeline valve until the pressure equalizes and then the 
valves will be open, and injection will continue. 
 


6.4 Proposed Carbon Dioxide Stream  
            (40 CFR 146.82(a)(7)(iii) and (iv)) and 146.86(b)(1)(v) 


6.4.1 Source of the CO2 Stream 


The Brame Energy Center, part of the Cleco Diamond Vault  facility near Alexandria, Rapides 
Parish, Louisiana, is the source of the CO2. The capture, compression and injection of the CO2 
will be operated by Cleco Power, LLC. 
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dataset. Once the injection phase commences, the CO2 injection stream will be collected from the 
CO2 delivery pipeline for analysis.  


6.5 Well Annulus Pressure Maintenance System  


The purpose of the annulus monitoring and pressure system is to maintain the annular fluid at a 
prescribed pressure. The automated annulus monitoring system that has been designed for this 
purpose is part of the comprehensive well annular pressure maintenance system. The well 
pressure maintenance system includes piping, instrumentation valves, controls, and other 
equipment to accomplish several functions, including the following: 


• Maintain a prescribed pressure on the annular fluid in the well to achieve a positive 
pressure differential across the packer 


• Automatically deliver annular fluid to the well when the fluid volume in the well 
decreases due to temperature and/or pressure changes 


• Automatically remove annular fluid from the wells when the fluid volume in the well 
increases due to temperature and/or pressure changes 


• Monitor parameters (e.g., pressure, temperature, fluid levels, nitrogen pressure) 
associated with the pressure-maintenance system 


• Automatically cease CO2 injection to the wells when injection pressure or annulus 
pressure fall outside of prescribed limits. 


The annular monitoring system will maintain the wellhead pressure of the annular fluid between 
the tubing and the long string of casing within the pre-determined levels as specified in the 
permit. The system will maintain the annular pressure 100 psi above the pressure of the CO2 in 
the injection tubing at the depth of the packer. The annular fluid pressure will be continuously 
monitored so that CO2 injection can be halted when the annular fluid pressure falls outside the 
pre-determined range for a period that exceeds allowable limits. The annular monitoring system 
consists of a continuous annular pressure gauge, a pressurized annulus fluid reservoir (annulus 
head tank), pressure regulators, and tank fluid level indication. The annulus system will maintain 
annulus pressure by controlling the pressure on the annulus head tank using compressed 
nitrogen. The annulus pressure will be maintained between approximately 150 and 800 psi and 
will be monitored by the annular pressure gauges and the Supervisory Control and Data 
Acquisition (SCADA) system. The pressure and fluid level in the annulus head tank will be 
monitored and recorded continuously. The annulus head tank pressure will be controlled by 
pressure regulators–one set of regulators to maintain the pressure above 150 psi by adding 
compressed nitrogen and the other to relieve pressure above 800 psi by venting gas off the 
annulus head tank. Any changes to the composition of annular fluid will be reported in the next 
report submitted to the permitting agency. When the injection system is shut down, the annular 
pressure will be reduced to reduce collapse pressure on the tubing string. 
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Any changes to the injection pressure outside of the normal operating fluctuations may indicate 
that an issue has occurred with the well (i.e., loss of mechanical integrity, blockage in the tubing, 
etc.) or may be caused by a change in injection flowrate. Anomalous pressure measurements 
would trigger the need for further investigation of the cause of the change (40 CFR 146.89 (b)). 
The wellhead injection pressure will also be used to calibrate the computational modeling 
throughout the injection phase of the project. Some of these modeling computations will be used 
with the reservoir pressure data to provide a calculation correlating the wellhead pressure with 
the reservoir pressure (Testing and Monitoring Plan, Permit Section 7).  


The wellhead pressure of the injected CO2 will be measured by an electronic pressure transducer 
with analog output mounted on the CO2 line associated with the injection well. The transmitter 
will be electronically connected to the SCADA system, which can shutdown the system or 
change the flowrate depending on the pressures measured at the wellhead.  


6.7.2 Continuous Recording of Injection Mass Flow Rate  


The mass flow rate of CO2 injected into the well will be measured by a Coriolis mass flow meter. 
This flow meter will be placed in the CO2 delivery line near the well and connected to the 
SCADA system. The meter will have an analog output (Endress & Hauser or Micro Motion 
Coriolis Flow and Density meter or similar). The meter will be maintained and calibrated 
according to the manufacturer's specifications. 


6.7.3 Continuous Recording of CO2 Stream Temperature 


The temperature of the injected CO2 will be continuously measured for the well by an electronic 
thermocouple. The thermocouple will be mounted in a temperature well in the CO2 line at a 
location close to the pressure transmitter near the wellhead. The transmitter will be electronically 
connected to the SCADA system. The thermocouple will be calibrated prior to the start of 
injection operations, and the calibration will be checked periodically (e.g., quarterly) during 
regular instrument checks. The thermocouple for measuring surface injection temperature will be 
recalibrated annually or it will be replaced with a calibrated thermocouple. 


6.7.4 Downhole Pressure and Temperature  


Downhole pressure and temperature will be periodically monitored during the initial period of 
injection (approximately six months after starting injection). The downhole pressure data will be 
used to establish a correlation between the storage formation pressure and the wellhead pressure 
for more accurate estimates of downhole pressure throughout the injection phase of the project. 
These data will also be used with the mass flow rate to calculate the volume injection rate of the 
CO2 into the reservoir. During this monitoring period, the downhole pressure and temperature 
data will be recorded once every minute on retrievable gauges placed in the tubing within the 
injection reservoir.  
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6.8 Control and Alarm System 


This section describes the process that will be implemented to safely halt CO2 injection in the 
event of an injection well or equipment failure, or if the injection pressure exceeds the 
predetermined maximum level. The injection process will be monitored by pressure, 
temperature, and flow monitoring devices connected to the injection well, compressor, pipeline, 
a series or valves, and the SCADA system. The monitoring system will be capable of detecting 
when injection conditions are out of acceptable limits and responding by either adjusting 
conditions or halting injection. The system is designed to operate automatically with minimal 
operator intervention. This section presents the following: 


• A brief overview of the monitoring and control system 


• A description of the automatic shutdown of the compressor, including the annular 
pressure, injection pressure, and flow rate that will trigger pumps shutdown 


The well control system architecture and functionality, including process alarms, plant 
interlocks, shutdown alarms, and automatic shutdown sequence are described below.  


6.8.1 Control System Overview 


The proposed control system for the well consists of a SCADA system connected to the pressure, 
temperature, and flow monitoring systems and controls of the compressor, pipeline, and injection 
well. Alarms, run enable, and other critical signals will be passed between the compression 
system and the injection well through the SCADA system. User privileges and other security 
measures will be implemented to limit access to and control of the SCADA and well control 
equipment.  


Injection pressure will be determined by the pressure of the CO2 at the wellhead of the injection 
well. The compressor will have a variable-speed drive, which will be controlled to limit the CO2 
injection pressure and flow rate. A control valve will be installed on the CO2 pipeline at a 
location upstream of where the pipeline connects to the wellhead. Adjustments to the injection 
pressure can be made with the control valve if necessary to stay under the injection pressure 
limit. 


6.8.2 Process Alarms and Automatic Shutdown  


Alarms will be implemented throughout the injection system and monitored by the SCADA 
operator. Alarms are of three types:  process (non-shutdown) alarms, shutdown alarms, and 
interlock alarms. Process alarms will be used to alert the control room operator whenever process 
variables are out of the accepted operating range and operator, or maintenance action may be 
required. Shutdown alarms will indicate critical conditions. An active shutdown alarm and/or 
plant interlock will trigger an automatic shutdown sequence in which the CO2 injection process 
is automatically shut down by the well control system.  
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operations, the plant interlock will act as a run permission command for the injection process to 
start up. 


 









